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(57) Abstract: For improving efliciency of the application of medical powder 
formulations a disintegration means for dry powder inhalers is proposed, com- 
prising a substantially cylindrical air circulation chamber (3) with a height being 
smaller than its diameter, and at least two air supply channels (2, 9) which enter 
the chamber (3) as tangents to its cylindrical wall (5) at generally opposite sides 
of this wall (5), suitable for creating a circular air flow pattern inside the chamber 
(3), both air channels (2, 9) either having difl'erent inlets or alternatively sharing 
the same inlet which is split up, so as to have one passageway (2) for travers- 
ing tlie dose measuring or dose supplying region of the inhaler for enabling the 
powder quantity of a single dose dragged into the circulation chamber (3) by air 
flowing through this passageway (2), and the other passageway to serve as a by- 
pass channel (9) towards the circulation chamber (3) suitable for accelerating the 
particles and creating a more symmetrical flow pattern inside said chamber (3), 
and a method. 
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Powder formulation disintegrating system and method for dry powder inhalers 
5 Description 

Technical field of the invention 

The field of the invention is related to dry powder inhalers for delivery of a medicament, or 
10 a mixture of medicaments, to the respiratory tract. Dry powder inhalers are designed to 
store and provide a powder formulation, containing the drug in the correct particle size for 
effective deep lung deposition, comprising a dosing system for the reproducible 
administration of the required quantity of powder to the patient, a disintegration system 
for releasing drug particles from the powder formulation, and a mouthpiece. 

15 

Background of the invention 
Dry powder inhalers 

20 

It is historical tradition to divide dry powder inhalers into (a) single dose, (b) multiple unit 
dose and (c) multi dose devices. For inhalers of the first type, single doses have been 
weighed by the manufacturer into small containers, which are mostly hard gelatin 
capsules. A capsule has to be taken from a separate box or container and inserted into a 

25 receptacle area of the inhaler Next, the capsule has to be opened or perforated with pins 
or cutting blades in order to allow part of the inspiratory air stream to pass through the 
capsule for powder entrainment or to discharge the powder from the capsule through 
these perforations by means of centrifugal force during inhalation. After inhalation, the 
emptied capsule has to be removed from the inhaler again. Mostly, disassembling of the 

30 inhaler is necessary for inserting and removing the capsule, which is an operation that 
can be difficult and burdensome for some patients. Other drawbacks related to the use of 
hard gelatin capsules for inhalation powders are (a) poor protection against moisture 
uptake from the ambient air, (b) problems with opening or perforation after the capsules 
have been exposed previously to extreme relative humidity, which causes fragmentation 

35 or indenture, and (c) possible inhalation of capsule fragments. Moreover, for a number of 
capsule inhalers, incomplete expulsion has been reported (e.g. Nielsen et al.. 1997). 

Some capsule inhalers have a magazine from which individual capsules can be 
transferred to a receiving chamber, in which perforation and emptying takes place, as 
40 described in WO 92/03175. Other capsule inhalers have revolving magazines with 

capsule chambers that can be brought in line with the air conduit for dose discharge (e.g. 
DE 3927170. They comprise the type of multiple unit dose inhalers together with blister 
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inhalers, which have a limited number of unit doses in supply on a disk or on a strip. 
Blister inhalers provide better moisture protection of the medicament than capsule 
inhalers. Access to the powder is obtained by perforating the cover as well as the blister 
foil, or by peeling off the cover foil. When a blister strip is used instead of a disk, the 
5 number of doses can be increased, but it is inconvenient for the patient to replace an 
empty strip. Therefore, such devices are often disposable with the incorporated dose 
system, including the technique used to transport the strip and open the blister pockets. 

Multi-dose inhalers do not contain pre-measured quantities of the powder formulation. 

10 They consist of a relatively large container and a dose measuring principle that has to be 
operated by the patient. The container bears multiple doses that are isolated individually 
from the bulk of powder by volumetric displacement. Various dose measuring prindples 
exist, including rotatable membranes (e.g. EP0069715) or disks (e.g. FR 2447725; 
EP 0424790; DE 4239402 and US 5829434). rotatable cylinders (e.g. EP 0166294; 

1 5 GB 21651 59 and WO 92/09322) and rotatable frustums (e.g. US 5437270), all having 
cavities which have to be filled with powder from the container. Other multi dose devices 
have measuring slides (e.g. US 2587215; US 5113855 and US 5840279) or measuring 
plungers with a local or circumferential recess to displace a certain volume of powder 
from the container to a delivery chamber or an air conduit e.g. EP 0505321. DE 4027391 

20 and WO 92/04928. 

Reproducible dose measuring is one of the major concems for multi dose inhaler devices. 
The powder formulation has to exhibit good and stable flow properties, because filling of 
the dose measuring cups or cavities is mostly under the influence of the force of gravity. 

25 The patient has to handle the inhaler correctly and especially, to keep the device in the 
correct position while operating the dose measuring principle. Only a few examples are 
known of special means to facilitate powder filling, e.g. EP 0424790 (vibratory means) 
and WO 92/04928 (collar-like portion for guiding the powder to the recess in a plunger). 
For preloaded single dose and multiple unit dose inhalers, the dose measuring accuracy 

30 and reproducibility can be guaranteed by the manufacturer. Multi dose inhalers on the 
other hand, can contain a much higher number of doses, whereas the number of 
handlings to prime a dose is generally lower. 

Because the inspiratory air stream in multi-dose devices is often straight aaoss the dose 
35 measuring cavity, and because the massive and rigid dose measuring systems of multi 
dose inhalers can not be agitated by this inspiratory air stream, the powder mass is 
simply entrained from the cavity and little de-agglomeration is obtained during discharge. 
Consequently, separate disintegration means are necessary. However in practice, they 
are not always part of the inhaler design. Because of the high number of doses in multi- 
40 dose devices, powder adhesion onto the inner walls of the air conduits and the de- 
agglomeration means must be minimized and/or regular cleaning of these parts must be 
possible, without affecting the residual doses in the device. Some multi dose inhalers 
have disposable drug containers that can be replaced after the prescribed number of 
doses has been taken (e.g. US 5840279). For such semi-permanent multi dose inhalers 
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with disposable drug containers, the requirements to prevent drug accumulation are even 
more strict. 

Powder formulations 

5 

Many size ranges have been proposed as optimal for inhalation drugs, including 1-5 pm 
(WO 95/11666), 0.1-5 pm (WO 97/03649), 0.5-7 pm (Davies et al., 1976) and 2-7 pm 
(Kirk. 1986). Particles larger than 7 pm are. deposited mainly in the oropharynx by inertia! 
impaction; most particles between 0,1 and 1 micron are exhaled again as the 

10 consequence of their low deposition efficiency in the whole respiratory tract (Martonen 
and Katz, 1993). Different techniques are available for the production of such small 
particles, e.g. micronization of larger crystals with a jet mill or other comminution . 
equipment, precipitation from (super)saturated solution, spray drying or supercritical fluid 
methods. Products obtained with different techniques may differ ih their surface 

15 properties and therefore, in cohesiveness and/or adhesiveness. The degree of particle-to- 
particie interaction has influence on the de-agglomeration process during inhalation. 

The very cohesive nature of micronized particles and the low quantities in which 
inhalation drugs are administered for obtaining desired therapeutic effects, generally 

20 between 10 and 400 pg, with an exception for profylactic (e.g. disodium cromoglycate) 
and antibiotic (e.g. colistin sulphate) drugs (both in the mg-range). make it very difficult to 
achieve the necessary reproducibility in the administration to the patient Therefore, 
processing of the drug or drug combination into a suitable powder formulation is 
necessary. Cunently, two different types of powder formulation are widely used for 

25 inhalers: spherical pellets and adhesive mixtures. Adhesive mixtures are also termed 

ordered mixtures (Hersey, 1975) or interactive mixtures (Egermann. 1983). A special type 
of adhesive mixtures are the nucleus agglomerates, also referred to as supersaturated 
ordered mixtures (Schmidt and Benke, 1985) or core agglomerates (PCT/EP95/02392). 

30 In spherical pellets, the micronized drug particles, with or without micronized (lactose) 
excipient, have been agglomerated and subsequently spheronized in order to form much 
larger, spherical and thus, free flowing pellets. The size range of such pellets is 
approximately between 100 and 2000 pm. No binders have been used, but the amount of 
water of absorption may have been controlled to increase cohesiveness. Generally, 

35 pellets for inhalation are very weak and exhibit very low densities between 0.28 and 
0,38 g/cm^ (NL C1008019, 1999). 

Adhesive mixtures consist of relatively large crystals, generally alpha lactose 
monohydrate, carrying the micronized dmg particles on their surface. Standard mixing 
40 techniques can be used to obtain the desired degree of homogeneity. Good homogeneity 
and adequate flow properties are not the only prerequisites for good dose reproducibility. 
However, during inhalation, the drug particles have to be detached from the carrier 
crystals before they can enter the lower respiratory tract. It has been recognized, that the 



wo 03/000325 



PCT/EP02/06610 



4 

carrier surface properties play an important role in the drug-to-carrier interaction and thus, 
on the extent of detachment during inhalation. 

There are several reasons why either of the two types of powder formulations can be 
5 incompatible with a certain inhaler design. Because of their high sensitivity to impact 
forces, spherical pellets should preferably not be used in inhalers having a bulk container 
for the powder in combination with a measuring principle that has to be operated by the 
patient for the isolation of a single dose. If the inhaler is dropped by the patient, the free 
flowing pellets may be distorted into a shapeless powder mass that is unable to fill the 

10 volumetrical dose measuring cavities in a reproducible way. Adhesive mixtures with low 
drug concentrations on the other hand, should preferably not be used in combination with 
preloaded dose compartments having a much larger volume than the powder. Drug 
particles may be transferred from the carrier crystals to the inner walls of the 
compartment to an extent of more than 30% of the dmg dose. This may result in high 

1 5 losses for the emitted fine particle dose, because the particles that can be transfen-ed 
easily from the carrier particles to the compartment walls are also the particles of which 
removal forces during inhalation can get best hold of. 

Carrier materials in adhesive mixtures 

20 

In adhesive mixtures for inhalation, crystalline alpha lactose monohydrate is most widely 
used as carrier excipient. The size distribution of the cam'er fraction may vary with the 
specific demands regarding powder flow, dmg load, emptying of the dose compartment, 
fine particle detachment during inhalation and physiological effects from carrier deposition 

25 in the respiratory tract, etc. Bell et al. (1971) found best discharge from pierced hard 

gelatin capsules in the Fisons Spinhaler for a fraction of 70-100 pm of BP-lactose. Silvasti 
et al. (1996) described that the lactose size fraction used for the Orion Easyhaler Is large 
enough to avoid deposition of the material in the lower parts of the respiratory tract, 
without specifying the exact size range. Podczeck (1998) referred more specifically to 

30 coarse carrier particles in the size range between 50 and 200 |jm, which are 

physiologically inert. Nearty the same fractions of 30 to 80 pm, respectively 30 to 90 pm 
are mentioned in US-patent 5478578 and by Timsina et al. (1994). In WO 95/11666 it is 
claimed that cam'er particles are advantageously between 50 and 1000 pm, preferably 
less than 355 pm (26 to 250 pm) and even more preferably between 90 and 250 \jm to 

3 5 have best flovv properties. 

The use of granular carrier materials has also been described. Patent application 
WO 87/05213 describes a 'conglomerate', consisting of a water-soluble vehicle (e.g. 
lactose) or a mixture of such vehicles and a suitable lubricant (e.g. magnesium stearate) 
40 in a size range between 30 and 150 pm as new carrier excipients for inhalation powders. 
EP 0876814 A1 describes roller-dried beta-lactose in a size fraction of 50 to 250 pm 
(preferably 100-160 pm) as a suitable excipient for dry powder inhalation. This type of 
lactose has a granular appearance, and a aigosity between 1,9 and 2,4 is particularly 
recommerided. In the same patent, crystalline a-lactose monohydrate (with a rugosity of 
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1,75) and spray dried lactose (with a aigosity between 2,4 and 2,8) are rejected as 
inferior caniers for inhalation drugs. 

The effect of carrier surface properties has been studied more in detail by Podczeck 
5 (1996) and Kawashima et al. (1998). Podczeck used ten different mari^eted alpha-lactose 
monohydrate products for preparing adhesive mixtures with salmeterol xinafoate. The 
results of the study show that the relationship between the physical properties of the 
lactose carrier particles and impactor deposition data are complex and that a simple 
interchange of earner material by another brand or grade is impossible. It was concluded 

10 that crystalline alpha lactose products supplied by DMV International and Borculo Whey 
Products (both The Netheriands) exhibit a decreasing surface roughness with decreasing 
particle size, whereas products from Meggle (Germany) show an opposite correlation. 
Kawashima et al. prepared mixtures of pranlukast hydrate with similar size fractions of 
completely different types and modifications of lactose and found that the delivered dose 

1 S from the Spinhaler (at 60 l/min) increases with increasing specific surface area of the 
carrier fraction, whilst the fine particle dose decreases. They concluded that not the 
absolute surface roughness of the carrier crystals seems to be important, but rather the 
scale of the roughness (microscopic versus macroscopic). For granules with so-called 
'superparticle* roughness, interparticulate bonds between drug and earner are high as a 

20 result of interiocking. WO 95/1 1666 describes that the asperities and clefts in the surface 
of a carrier particle are often found to be an area of high surface energy for which active 
particles have preference to deposit and are adhered most strongly. Buckton (1997) 
explains significant differences in physical carrier surface properties by differences in 
both surface energies and solid-state properties, such as the presence of amorphous 

25 material in the earner crystals. 

Treatment of the earner crystals prior to the mixing with the dmg for improvement of their 
properties as carrier material has been described in WO 95/1 1666. WO 96/23485 and 
WO 97/03649. Treatment in WO 95/11666 consists of gently milling of the carrier 

30 particles, preferably in a ball mill for several hours at a low rotational speed. During the 
treatment, asperities such as small grains are dislodged from the carrier surface and 
attached to the high energy sites in clefts, whereas the size of the carrier particles 
remains substantially unchanged. WO 96/23485 describes the addition of small amounts 
of anti-adherent or anti-friction material, such as magnesium stearate. leucine or silicon 

35 dioxide, as fine particles to the carrier crystals for the occupation of the active sites. 

An increase of the released fine particle fraction from adhesive mixtures during inhalation 
has also be achieved by adding fine excipient (lactose) particles to these mixtures. Zeng 
et al. (1998) found that the addition of 1.5% of intermediate sized lactose (MMD = 15,9 
40 ^m) to an adhesive mixture with salbutamol sulfate and carrier fraction 63-90 pm 

increases the fine drug particle fraction from the Rotahaler in the twin impinger (60 l/min) 
with more than 60%, compared to the mixture without the fine lactose fraction. A further 
increase to 9 % (w/w) of the finer lactose in the blends increased the fine drug particle 
fraction with another 50%. US 5478578 claims that the inhalable portion of the active 
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substance in inhalation powders can be controlled within wide limits, while keeping good 
accuracy of metering, by combining the micronized active substance with suitable 
quantities of a mixture of acceptable excipients. One component of the excipient mixtures 
has to have a mean particle size of less than 10 ^m, whereas the other component has to 
5 have a mean diameter of greater than 20 ^m (generally below 1 50 ^m and preferably 
below 80 ^m). 

Particle-to-particle interaction forces and break-up forces 

10 Adequate powder de-aggregation during inhalation occurs when separating forces 

exceed the interaction forces between the particles. Separating forces may be generated 
in different ways and include in currently marketed devices for instance (a) inerlial forces 
on impact of particles against each other or against the inhaler walls, (b) friction or shear 
forces acting on agglomerates sliding atong an inhaler wall, and (c) dispersing forces in 

15 turbulent air streams, such as drag and lift forces. In breath actuated dry powder inhalers, 
separating forces generally become higher with increasing inspiratory effort as the result 
of increasing air velocity. The effectiveness by which the available energy can be 
dissipated into rupture or detachment depends on many other factors too, such as the 
type of formulation (pellets or adhesive mixture) that is subjected to these forces, the 

20 order of magnitude for the interparticulate forces in the formulation, and the direction in 
which the removal forces act on the powder agglomerates, more particularty on drug 
particles attached to cam'er surfaces. Because the particle orientation on impact can not 
be controlled, repeated collision may be necessary to obtain the correct direction for 
detachment of such particles. 

25 

Previously, it has been described that the suri'ace properties of the lactose carrier crystals 
may have a dramatic effect on the interaction between drug and carrier particles in 
adhesive mixtures. They also can have an effect on the removal forces. Drag and lift 
forces are rather ineffective for the detachment of small drug particles from larger carrier 

30 crystals. This is especially the case, when the surface of the carrier crystals is not smooth 
(as for granulates) and fine particles can be stored away in surface discontinuities. For 
carrier particles with higher surface rugosities, also friction forces are quite unable to 
shear off adhering daig particles, simply because these fine particles make no contact 
with the inhaler walls along which the carrier particles rattle, roll or slide. Inertia! forces on 

35 the other hand, such as deceleration forces on impact, can be highly effective in the 

direction of the original particle motion before collision. Fine particle momentum, and thus 
removal efficiency in this direction, increases not only with increasing air velocity but also 
with higher mass for the adhering particle, which may also be a small agglomerate of fine 
particles. Therefore, incomplete break-up of fine drug particles during mixing seems to be 

40 an advantage for this type of removal force. 

Deceleration forces can only be effective in detaching drug particles, when there is a free 
path for these particles to move away from the carrier crystal. When the inhaler wall with 
which the carrier particle collides is obstructing, drug particles in between the carrier and 
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this inhaler wall may become attached even stronger to the carrier surface as before 
collision. The same is true for particles attached to the opposite carrier surface, or 
particles obstructed by projections on carrier surfaces perpendicular to the hit inhaler 
wall, although to less extent, because the increase in attachment force to these carrier 
5 surfaces is dependent on the fine particle momentum and not on the much higher earner 
momentum. An increase in attachment force is to be expected when the contact area 
between a drug parficle and the carrier crystal can be increased under load. This may, for 
instance, be the result of the existence of ductile surface layers of lactose impurities. For 
de-agglomeration principles relying on inertial forces, carrier surface discontinuities may 

10 be an advantage, as (a) they are able to provide a free path for detached fine particles 
and (b) they can store larger fine particle agglomerates that remain intact during the 
mixing process and have a much higher momentum, being transfenred into a removal 
force on impact, than primary dmg entities. Because dmg particle detachment from 
carrier crystals occurs only in one direction and part of the adhering dmg particles may 

1 5 become attached even stronger on impact, repeated collision at relatively high velocity is 
necessary to obtain an acceptable fine particle fraction from adhesive mixtures during 
inhalation. 

The necessary energy for the shattering of soft spherical pellets on impact depends 
20 strongly on the structure of these pellets (Coury and Aguiar. 1995 and Boerefijn et al. 
1998). Many different theoretical approaches have been presented to predict the strength 
of granules and compacts, starting with Rumpf (1962) and Cheng (1968). In most of 
these approaches, pellet tensile strength is expressed as a function of the mean 
interaction force per contact point, the size of the primary particles in the pellet and the 
25 average coordination number. The assumptions made for these theoretical approaches 
apply fairiy well for micronized inhalation drugs, consisting generally of more or less 
spherical particles which vary not extremely in size. Moreover, the Interaction forces 
between the particles are all of the same order of magnitude and rupture of the pellets is 
across the bonding sites between the particles. 

30 

Further refinements to the theoretical approaches can be made in terms of interaction 
force per unit contact area and total contact area between two particles. The coordination 
number can be expressed in the powder porosity, which is extremely high for soft 
spherical inhalation pellets. Corresponding with a reported density (pp) of approx. 0,30 to 
35 0.40 g/cm^ (NL C1008019, 1999), porosity values (e = 1 - ps/po) may be between 0,69 to 
0,77 (for a true particle density, po, of 1,3 g/cm^). Interaction forces between particles in 
inhalation pellets are generally of the van der Waals type. 

Recent work has shown, that defects in pellets may cause the nucleation of cracks along 
40 which breakage occurs (Coury and Aguiar. 1995). Such defects reduce the necessary 
energy for rupture considerably. The extremely porous soft spherical pellets for inhalation 
exhibit a high degree of discontinuity, representing many defects from which 
disintegration may start. Boerefijn et al. (1998) showed that the disintegration of soft 
spherical lactose pellets for inhalation scales with the square of the impact velocity. They 
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also investigated the effect of storage conditions and pellet size on the type and extent of 
fracture. In contrast with solid materials, they found that smaller pellets have a much 
higher extent of breakage than larger agglomerates (for pellets stored in a desiccator at 
5% relative humidity). They also observed that pellets exposed to 87% relative humidity 
5 are far more resistant to breakage than dry pellets, due to a change in interparticulate 
forces. Fractional losses from dry impacted pellets (between 5 and 30 mass percent) 
consist primarily of single particles and only a few smaller clusters of primary particles. 
Samples exposed to 87% RH have much lower fractional losses on impact (between zero 
and twelve mass percent) which consist of small flakes well below the original pellet size. 
10 The nuclei of dry pellets were found to deform much stronger as the result of internal 
shear than wet agglomerates, exhibiting rather a semi-brittle failure mode. 

Analogous to adhesive mixtures, different types of separation forces are quite different in 
their efficiencies to break up soft spherical pellets. Drag forces (e.g. in turbulent flow 

1 5 regions) are not so effective when pellets are already airborne. But when the pellets are 
forced into a dose compartment and an air flow is suddenly conducted through this 
compartment at high velocity, the powder may be disrupted to large extend and be lifted 
from the compartment rather as smaller fragments than in bulk. Drag forces are 
particulariy effective in disrupting such a powder when the air flow can pass through the 

20 highly porous powder mass itself instead of through large interparticular pores; i.e. when 
the pellets have been united into one powder lump. For this principle, a very high flow 
increase rate towards peak flow rate is necessary. But it can also be achieved by sudden 
expansion of the air inside a powder mass, e.g. by creating an under-or overpressure in 
the pore volume of the powder in a dosed dose compartment relative to the pressure in 

25 an adjacent spacer first, and connecting the dose compartment quite abruptly with the 
much large spacer volume next. 

Friction forces are highly effective for de-agglomeration of soft spherical pellets, as has 
been shown for the Astra Turbuhaler (e.g. Steckel and Muller. 1997; de Boer et al.. 1997 

30 and de Koning, 2001). The majority of the dose in pellets can be fractured into much 
smaller entities during a relatively short passage through an air duct with a helical insert, 
yielding In vitro fine particle fractions between 40 and 60% of the label claim. During 
contact between the pellet and the inhaler walls, friction forces, and also van der Waals 
attraction forces, are directly and solely imposed on the primary particles along the 

35 periphery of the pellet which separate them from the mother pellet as primary entities or 
as small clusters. A disadvantage of this principle is that the van der Waals forces, and 
possibly also Coulombic forces, cause these smaller entities to adhere to the inhaler wall 
to quite large extent Inhaler accumulations of 15 to 25% of the dose are quite usual. 

40 Most effective for spherical pellets are also inertial forces however. Because of their 
highly porous and rather anisotropic structure, pellets can be deformed quite easily on 
impact. This deformation causes intemal shear and disruption, resulting in the separation 
of fragments, as observed by Boereffijn et al. (1998). When the pellets are circulating with 
high velocity in an aerosilization chamber for a certain duration of time, repeated collision 



wo 03/000325 



PCT/EP02/06610 



9 

between particles and the chamber wall or collision of particles between each other can 
be realized, so as to complete disintegration of larger separated fragments. 

Because different types of separation forces may have different efficiencies for the same 
5 type of formulation, unfavorable combinations exist for the powder formulation and the 
de-agglomeration principle. As discussed previously, drag and shear forces in turbulent 
air streams are very ineffective with respect to fine drug particle detachment from carrier 
crystals in adhesive mixtures, incomplete disintegration for this type of formulation may 
also be achieved in air conduits with helical inserts. For spherical pellets on the other 
10 hand, good de-agglomeration can be obtained in such air channels, as well as in 

circulation chambers in which repeated collision between particles or particles and the 
inhaler wall occur. But the intensive particle-to-wall contact must not result in substantial 
losses of the dose by particle adhesion onto this wall. Optimization in respect of (a) . 
degree of pellet fracture and (b) fine particle accumulation is necessary. 

15 

The incompatibilities have the implication, that powder fomiulations can not be 
exchanged at will for a given type of de-agglomeration principle, since inadequate 
disintegration or severe losses of drug particles from adhesion may be the result. This 
reduces the versatility of an inhaler concept considerably. 

20 

Powder de-agglomeration in dry powder inhalers 

In many breath controlled dry powder inhalers, powder de-agglomeration is connected 
with the emptying of the dose system. The whole, or part of the inspiratory, respectively 
25 an auxiliary air flow is directed into, through or past the dose compartment in which a 
single dose has been weighed, in order to empty the compartment and to transport the 
dispersed powder to the respiratory tract, as described for example in GB 1118341, 
DE 3016127. US 481 1731 , US 51 13855, US 5840279 and WO 92/09322. 

30 The air flow may be turbulent or exhibit special flow patterns to disperse the powder by 
means of shear and drag forces or by particle-to-particle collisions (e.g. Hovione ref. 
report DY002-rev.4, 1995). or the air flow may cause the dose container to start a certain 
(spinning or vibrating) motion by which dose discharge and de-aggregation is promoted. 
These are particularly mechanisms used for capsule inhalers, as described for example in 

35 US 3507277; US 3669113; US 3635219; US 3991761; FR 2352556; US4353365and 
US 4889144. A major disadvantage of capsule inhalers is that the spinning, oscillating or 
vibrating motion of the capsules during inhalation causes intensive contact between the 
powder and the inner capsule walls, and the frinction and shear of powder along these 
walls often results in substantial drug accumulation. In contrast with capsules, blisters can 

40 not easily be subjected to vibratory or spinning motion. 

It has been recognized that simply conducting (part of) the inspiratory air stream through 
or past the dose compartment does not yield the desired degree of break-up for the 
powder agglomerates. Different solutions for improvement of the powder dispersion have 
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been proposed, varying from the introduction of (a) narrow air passages, such as venturi 
tubes, in order to increase local air velocities, (b) impact baffles, plates or walls, 
positioned in such a way in the air stream that large, inert agglomerates impact against 
them, (c) air channels in which the air is forced to take a tortuous path, e.g. by means of 
S helical inserts and (d) special circulation chambers in which particles circulate and impact 
against each other or against the chamber walls. 

Examples of narrow air passages for the particle laden air stream have been disclosed in 
US 2587215, FR 2447725, DE 4027391 and WO 93/09832. More specifically, narrow 

10 channels of the venturi type are known from e.g. US 4046146, GB 2165159, US 5161524 
and US 5437270. De-agglomeration means of this type may exhibit rather high air flow 
resistances and the total surface area of the inhaler walls making contact with the 
micronized drug particles is quite large, which is a disadvantage froni the viewpoint of fine 
particle adhesion onto these walls. Moreover, local high air velocities in a venturi throat, 

IS may facilitate powder entrainment from the dose cavity in this region by sucktion 

(Bemouilli-effect), but the high velocity is unlikely to result in extreme turt)ulences that 
facilitate powder disintegration, because venturi tubes are basically designed to minimize 
turbulent flow. 

20 Inhalers utilizing impact walls or baffles include also devices with bent mouthpiece 

sections. The obstructions in the air conduit cause the particle laden air flow to change its 
direction. Larger particles with much higher inertia than the air. are unable to follow the 
tortuous path and impact against the obstructions, which is supposed to result in 
shattering of the agglomerates. The use of baffles in an extension to the inhaler is 

25 described in WO 92/05825, whereas de-agglomeration by particle impaction on the inner 
surfaces of the mouthpiece is for instance claimed by Parry-Billings et al. (2000) for the 
Clickhaler multi dose inhaler. 

Inhaler devices, in which the inspiratory air stream with particle agglomerates is 
30 conducted through mouthpiece channels with isert bodies or special inner profiles, are 
numerous. Often, the insert bodies have a helical shape, forcing the air stream to follow a 
spiral path. Particles in the air stream are subjected to a centrifugal force and tend to 
concentrate on the outside of the helical passageway. In this outer peripheral region, the 
more or less spherical pellet type of agglomerates roll along the cylindrical wall of the 
35 discharge channel. The friction and shear forces involved, cause primary particles or 

small clusters to be separated from the outer shell of the pellets. The much more iaegular 
carrier particles in adhesive mixtures rattle, rather than roll, along the channel wall and 
the repeated collisions may lead to detachment of adhering drug particles. Examples of 
mouthpiece channels with helical insert bodies are given in e.g. US 4907538. 
40 EP 0424790 and EP 0592601. An inhaler with a so-called fluted chimney, having a 

hexagonal cross section, is described in US 5829434. Particles, entering the chimney in a 
spiral path motion, collide repeatedly with the inner walls of the chimney, thus to transfer 
their kinetic energy into fine particle detachment or agglomerate break-up. 
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De-agglomeration principles consisting of special drculation chambers, in which particles 
circulate and impact against each other or against the chamber walls will be described 
more in detail hereafter. 

5 The degree of powder de-agglomeration in breath controlled dry powder inhalers by all 
previously mentioned disintegration principles, is determined by the patient's inspiratory 
effort, i.e. inhaler performance is dependent on the inhalation manoeuvre. If the effort 
does not meet the requirements for a particular inhaler design, entrainment and fine 
particle generation may be incomplete. Consequently, drug deposition in the target area 
1 0 may be insuffident for obtaining the desired therapeutic effect. Even with maximal effort, 
the peak pressure drop across a dry powder inhaler is limited to approx. 2 to 20 kPa, 
whereas the maximal total volume to be inhaled is between 1 and 3 liters, both depending 
on the patient's dinical picture and age, and more partlculariy the inhaler resistance to air 
flow. 

15 

It has been recognized that it is practically impossible to design a de-agglomeration 
principle which gives a consistent degree of powder de-agglomeration over a wide range 
of flow rates, when this principle derives its energy solely from the inspiratory air stream 
(WO 94/23772). The underiying reason for this, is that higher inspiratory air flow rates 
20 tend to lead to higher air velodties inside the inhaler and thus, higher impact or shear 
forces and higher turbulences. At higher effort, simply more energy is available for 
breaking up the particle agglomerates. 

Several approaches have been presented to reduce or eliminate the variability in the fine 
25 particle output of breath controlled dry powder inhalers as the result of a variation in 

inspiratory flow curves. For instance, the application of valves has been proposed. 

opening first after a threshold flow rate for good disintegration has been achieved by the 

patient (e.g. US 5301666). US 5161524 discloses a maximum velocity regulator, 

positioned within a secondary air flow channel. More complex solutions are disclosed in 
30 WO 94/23772 for an inhaler having a compensating de-agglomerator geometry for 

changes in air flow, and DE 4237568 for the generation of an underpressure in a 

dispersion chamber. 

Inspiratory effort depending dose discharge and powder de-agglomeration can also be 
35 eliminated by utilizing pressurized air or mechanically generated underpressures. 

Moreover, much higher pressure differences across the powder dispersion system can be 
applied (> 100 kPa, equals 1 bar. for overpressures). The aerosol can be discharged from 
the dose system into a spacer chamber before it is inhaled, and inhalation can be at 
relatively low flow rates, thus to reduce throat deposition. An average flow rate (O) of 30 
40 L/min is quite reasonable for a breath controlled inhaler with a moderate air flow 

resistance (R) of 0.04 kPa°-^.min.L\ From this, an average pressure drop (dP) during 
inhalation of 1.44 kPa (1,44 x lO^N.m'^) can be calculated, using the simplified equation 
for an orifice type of flow constriction: >/dP = R.cD. Also reasonable for this inhaler 
resistance, is a total inhaled volume (V) of 1.5 Liters (1,5 x 10"^ m^). corresponding with a 
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total energy (E = V.dP) of 2.16 Nm being avialable for powder dispersion. Spacer 
chambers have relatively small volumes to keep the dimensions of the inhaler within 
acceptable limits. But even for a spacer with a volume of only 250 ml, an average 
pressure drop of not more than 8,64 kPa («0,09 bar) would be necessary to generate the 
5 same energy and thus, the same degree of powder break-up by the same disintegration 
principle. Designs and efficiencies (in utilizing the available energy) of disintegration 
principles may be different, however. Examples of dry powder inhalers that apply 
pressurized air systems for powder de-agglomeration are disclosed in DE 2435186, 
US 3906950, US 51 13855. DE 4027391 and WO 9962495. 

10 

Other ways of applying auxiliary energy for discharge of the dose compartment and 
powder de-agglomeration is (a) by means of electrically driven impellers, as described in 
e.g. US 3948264, US 3971377, US 4147166 and WO 98/03217 or (b) with a battery 
powered piston, tapping drug particles from a tape (WO 90/13327). Systems with 
IS auxiliary energy are often voluminous and sensitive to substantial fine drug particle 
adhesion onto their large inner walls, or have a complex design and structure and are 
vulnerable in respect of battery failure. 

A special group of dry powder inhalers which are more or less independent of the 
20 patient's inspiratory effort in respect of dose emission accuracy and fine particle output is 
constituted by the scraper systems. EP 0407028, DE 4027390 and W093/24165 
describe cutting, scraping or eroding principles that remove small quantities of powder 
from a drug compact by rotational movement of the abrasive blades against the compact 
over a predetermined angle of rotation. EP 0407028 describes the combination of such a 
25 principle with a cyclone chamber, in order to select only the finer particles for inhalation 
and to spread out more evenly the Ijolus of the entrained powder, so that the dose of 
medicament is inhaled over a longer period of time. The scraper principles share the 
problem of tabletting of the micronized powder, which has to yield a completely isotropic 
compact, maintaining a constant hardness under different ambient conditions. It is rather 
30 problematic to obtain the desired drug size distribution for inhalation by scraping off parts 
of such a compact. 

Prior art 

35 Most of the previously described de-agglomeration principles have one great 

disadvantage in common: the discharge of the dose from the inhalation device occurs 
rather momentarily. The residence time of the powder in the de-agglomeration means is 
extremely short, relative to the total period during which air is drawn through the inhaler 
device. Therefore, the efficiency in utilizing the available energy is quite low and most of 

40 the air is used only for transport of the generated drug particles into the respiratory tract. 
As a result, de-agglomeration of the powder, especially that of adhesive mixtures, is often 
very incomplete and the amount of released drug particles in the desired size range is 
quite low (20% to 40% of the nominal dose). In accordance with that, an optimal 
therapeutic effect from a dose is not obtained. In addition, all particles are discharged 
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from the inhaler, without regard to their size. For some drugs, this may be undesirable 
because of serious adverse side effects from deposition in the mouth and throat. For 
example, it has been reported that cortico steroids initiate hoarseness and Candidiasis 
after deposition in the throat (Selroos et al.. 1 994). 

5 

De-agglomeration principles consisting of special circulation chambers, from which 
particles can be discharged more gradually into the respiratory tract, may reduce these 
disadvantages. Generally, circular flow patterns inside such chambers are created by the 
constmction of one or more tangential inlet channels that end at the cylindrical wall of the 

10 disk-shaped (or tube-shaped) chamber. The residence time of the powder inside the 
chamber may be influenced by balancing the drag force and centrifugal force, and in the 
extreme situation where the centrifugal force is dominant, the tangential flow provides the 
possibility to retain larger particles by centrifugal separation. The invention disclosed in 
this patent application is of the circulation chamber type of de-agglomeration principle. It 

15 is a modular concept with different modifications, each of these modifications having quite 
distinct features. Previously disclosed de-^agglomeration principles that are particularty 
relevant to this invention are either those of the same type (circulation chamber); or those 
being of a different type but sharing one or more of the same features, including (a) 
residence time control, (b) large particle retainment and (c) control of air flow resistance, 

20 as will be explained more in detail hereafter. 

Inhalers with internal circulation chambers, have been described in e.g. GB 1478138, 
FR 2447725, DE 4004904, EP 0407028, WO 91/13646, WO 92/04928. EP 0547429, 
DE 4239402. DE 19522416 and unpublished PCT/NL01/00133. A very early concept of a 

25 tangential flow chamber is disclosed in GB 1 118341. This patent describes an open cup 
(e.g. capsule) for the powder dose which is placed on an upright support rod in the center 
of a hollow chamber. An air jet, entering through a hole in the lid on the chamber, is 
directed into the cup to discharge the powder. Supplementary air streams, entering 
through radial inlet holes in the cylindrical wall of the chamber at the same level as the 

30 open end of the powder cup, are forced into a tangential pathway by special air barriers 
or swiri reversals. The turbulence in the circular air stream is expected to assist in the 
dispersion of the powder in the air stream. 

A basically similar concept is disclosed in GB 1478138. The inhaler consists of a 
35 cylindrical container with a mouthpiece tube, having the same longitudinal axis, but a 
smaller diameter than the container. The connection between both parts is through a 
narrow tubular extension of the mouthpiece tube, protruding into the container. Also the 
outlet of the mouthpiece is through a narrow tube, protruding into the mouthpiece 
cylinder. Air enters the device through two sets of vents, creating a vortex motion inside 
40 the container as well as in the mouthpiece cylinder. The powder, being placed inside the 
container, is entrained in the circulating air stream. The centrifugal force causes the 
heavier particles to fling outwards against the walls of the container, whereas the finer 
particles will be drawn through the narrow tubes into the respiratory tract by the action of 
the drag force. 
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A completely different design for a circulation chamber is disclosed in DE 4004904 A1 , A 
discharge channel splits the particle laden air flow into a main stream and a side stream; 
the latter entering a cyclone-like (disk-shaped) circulation chamber. In the region where 
S the air flow is split up, the main stream is directed upwards by a 90 degrees t>end in the 
air conduit, when the inhaler is held in the correct position during inhalation. In the 
vertically directed passageway downstream of the bend, the drag force is opposite to the 
force of gravity. This causes larger agglomerates to fall down on the bottom of the 
channel, whereas only fine particles can be dragged further towards the mouthpiece of 
10 the inhaler. The settling agglomerates assemble at the site where the side stream retunns . 
to the main stream after a 180 degrees rotation in the cylindrical chamber has been 
made. The turbulences in this region disintegrate the agglomerates until they have 
become small enough to be transported by the drag force of the main stream towards the 
inhalers mouthpiece. 

15 

The circulation chamber described in EP 0407028 A2 is refen^ed to as a particular 
arrangement of air passageways or cyclone means, within which entrained drug particles 
may circulate. The particle laden air enters the chamber through a single air inlet which is 
tangential to its cylindrical wall. A venturi adjacent to the junction of the inlet channel with 

20 the cyclone chamber accelerates the air flow into this chamber. Discharge of the chamber 
is through an outlet channel along the longitudinal axis of the chamber. The claimed 
advantages of the arrangement are that (a) only the finer particles in a particle population 
of various sizes are selected for inhalation, whereas (b) the bolus of the entrained powder 
is spread out more evenly, so that the dose of medicament is inhaled over a longer period 

25 of time. The cyclone chamber is described in combination with a consolidated 
medicament supply and a scraping blade as dose measuring means. Comparable 
circulation or vortex chambers of different designs with one tangential inlet channel are 
presented in WO 90/15635. The concepts differ in the position of the outlet channel and 
in the diameter and shape of the vortex chamber, being either a tube, a disk, or a disk 

30 with a funnel shaped section towards the outlet channel, having the same longitudinal 
axis as the vortex chamber. 

A disk-shaped cavity with two opposing specially shaped inlet channels providing a 
turbulent air stream inside the cavity, is mentioned in FR 2447725. In the patent, it is 

35 described that de-aggregatton does not take place in the cavity, but rather in a helical 

insert region inside the central suction tube of the inhaler, being also the outlet channel of 
the cavity. For the marketed concept of this invention, the Pulvonal high resistance dry 
powder inhaler described by Meakin et al. (1998), the cavity is referred to as an 
aerosolization chamber. It is now claimed that de-agglomeration takes place in a narrow 

40 passage between the centrally elevated bottom of this aerosolization chamber and the 
suction tube at>ove that. 

WO 92/04928 refers to a so-called wiri mixing chamber which has the shape of a disk 
with a rounded cylindrical wall. Sucktion takes place through tangential air channels 
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entering the chamber through holes in its rounded wall. Inside the whirl mixing chamber, 
a first air flow is guided along the powder compartment and a second air flow collides with 
the first air flow in substantially traverse direction. This is to mix the air and the powder in 
a desired manner. In another example, the powder is discharged into the camber from an 
5 offcenter extruder-like dosing mechanism, 

EP 0547429 A1, DE 19522416 A1 and unpublished PCT/NL01/00133 disclose different 
concepts, each for a different application, of basically the same type of circulation 
chamber. In the basic principle described in EP 0547429 A1 , the powder laden air flow 

10 from the doise compartment is mixed with a particle^free air flow before the mixture of 
both flows enters a cyclone chamber through specially shaped slits in a central tube 
protruding from the cyclone bottom into the chamber. The slits create a tangential flow 
pattern inside this chamber, which has a cylindrical shape with truncated cones at the top 
and bottom of the cylinder. The mixing of the partial air flows is to increase the particle 

15 velocity inside the cyclone chamber, thereby increasing the de-agglomeration forces, 
particularly those for adhesive mixtures. Discharge of detached fine dmg particles is 
through a special channel that is co-axial with the cylindrical axis of the cyclone chamber 
and partly projecting into this chamber. The discharge channel widens towards the 
patient's mouth to reduce particle velocity at entrance into the respiratory tract and to 

20 prevent sustained cyclone action inside this channel. Another part of the inspiratory air 
flow is used to create a particle-free co-axial sheath flow around the aerosol cloud of fine 
drug parrticles. The central inlet conduit for the inspiratory air can have a special valve, 
opening first after sufficient pressure drop is generated by the patient to guarantee good 
dose entrainment and powder de-agglomeration. In an alternative design, the circulation 

25 chamber has a rounded bottom, whereas the tangential air streams are from the 
cylindrical wall of the chamber. 

Unpublished PCT/NL01/G0133 describes an application of this basic type of de- 
agglomeration principle for a colistin sulfate formulation. Because the high powder load 

30 from the high colistin dose in CF therapy can be a burden for the patient, the concept has 
been modified especially to retain larger excipient crystals in the formulation by inertial 
separation. Consequently, powder deposition in the respiratory tract can be confined to 
the active ingredient only. The exdpient particles in the formulation for this type of de- 
agglomeration principle do not act as carrier or as diluent, but as a sweeper, removing 

35 adhering fines of the active substance from the internal surface of the disintegration 
chamber. The formulation may be a physical mixture in which there is no noticeable 
interaction between the sweeper crystals and the dmg particles, as in adhesive mixtures. 
This has the advantage that the carrier surface properties are irrelevant to the fine 
particle fraction obtained during inhalation. 

40 

The specific design disclosed in unpublished PCT/NL01/00133 is not applicable for the 

spherical pellet type of formulation without sweeper crystals, because of the severe fine 
particle adhesion onto the inner walls of the circulation chamber. For this application, a 
third concept has been developed, as described in DE 19522416 A1. The concept has 
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the same cylindrical chamber as the basic concept in EP 0547429 A1. but the mixing of 
particle laden flow (powder flow) with a particle-free air flow is now inside the chamber 
instead of in the air channel towards this chamber. In the example shown, the number of 
so-called bypass channels for the additional air flow is seven, but there may be more, as 
5 well as fewer channels. In addition, there is a tangential eighth slit for the powder flow. 
Discharge from the de-agglomeration chamber is through a channel starting at the centrb 
of the cylindrical end of the disk-shaped chamber, having the same longitudinal axis as 
this chamber. In the modification described in DE 19522416, the discharge channel does 
not project into the de-agglomeration chamber. This discharge channel has a minimal 
10 length and a strongly reduced diameter to minimize fine particle losses by adhesion onto 
its inner walls. The concept in DE 19522416 can also be used for adhesive mixtures, 
although the de-agglomeration efficiency is somewhat lower than that for the concept 
disclosed in unpublished PCT/NL01/00133. 

1 5 In contrast with the concept in unpublished PCT/NL01/001 33, there is no large particle 
retainment Large particles are discharged from the de-agglomeration chamber gradually 
with a rate being predetermined by dimensions of the chamber and the carrier size 
distribution. A certain residence time inside the de-agglomeration principle is considered 
as an advantage, as has been discussed previously and will be explained more in detail 

20 hereafter. The time required for total discharge should not exceed the total inhalation time 
however. Recent guidelines prescribe that the total drug dose is inhaled vwthin 2 Liters, 
which con-esponds with an inhalation time of 2 seconds at an average flow rate of 60 
l/min. 

25 The type of de-agglomeration principle described in EP 0547429 A1, DE 19522416 A1 
and unpublished PCT/NL01/00133. has a particle-free sheath flow that can reduce the 
deposition of fine particles in the patient's mouth from return flows. The sheath flow is 
particulariy effective for spherical pellets, because the emitted aerosol cloud generated 
from this type of formulation does not contain large agglomerates with high inertia that 

30 can migrate through the thin sheath of clean air under the influence of the centrifugal 
forces in the spiral path discharge flow pattern. For adhesive mixtures, the importance of 
the sheath flow Is mainly confined to keeping the inhaler's air flow resistance within 
acceptable limits. 

35 DE 4239402 A1 describes a complex combination of a residence chamber with a delivery 
chamber and a disintegration chamber for inhalation powders that may either consist of 
spherical pellets or be an adhesive mixture. The residence chamber is a disk-shaped part 
of the air passageway between the dose measuring system and the outlet of the 
mouthpiece. Its longitudinal axis is perpendicular to the longitudinal axis of the 

40 mouthpiece cylinder. The particle laden air passes through an acceleration channel, 
ending along the periphery of the residence chamber, and is discharged tangentiaily into 
this chamber. The air outlet channel of the residence chamber is at a cylindrical end, co- 
axial with the cylindrical axis of the residence chamber. It ends in an adjacent delivery 
chamber that is also disk-shaped and has the same longitudinal axis as the residence 
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chamber. Connected to the delivery chamber is a tangential outlet channel, referred to as 
disintegration chamber. The acceleration channel towards the residence chamber, the 
outlet channel of the delivery chamber and the mouthpiece cylinder have parallel 
longitudinal axes. It is claimed that discharge of the powder from the residence chamber 

5 is rather gradual and that the majority of the dose is not yet released before peak ftow 
rate has been achieved by the patient. As for the previously described principle, the 
sustained residence maximizes utilization of the dispersion forces. Further de- 
agglomeration takes place in the disintegration chamber into which the powder flow is 
accelerated from the intermediate delivery chamber. At the patient's end, the 

10 disintegration channel widens in order to slow down air and particle velocity. This reduces 
mouth and throat deposition. 

All previously mentioned circulation chambers are integral to a particular inhaler design. 
In contrast, WO 98/26827 refers to a powder de-agglomeration and particle classifying 

1 5 principle that is in fact an extension of the mouthpiece of a dry powder inhaler. The patent 
application refers to eartier dry powder inhaler developments in which cyclone chambers 
have been used for (a) the purpose of effecting de-agglomeration and/or (b) separating 
from each other the heavier and lighter particles in an air/powder mixture. Such a use of 
cyclones is rejected by the authors, because the efficiency in either of the mentioned 

20 applications is determined by the power of sucktion that a patient is capable of applying 
to the mouthpiece. For the invention disclosed in WO 98/26827. the primary function of a 
cyclbne chamber is neither to effect de-agglomeration nor to separate particles upon size, 
but to retain in orbit the heavier particles that have previously been separated from the 
lighter particles by a 'circulatory section* upstream of the cyclone chamber. In a given 

25 example, this circulatory section is a frusto-conical body fitting closely in a funnel-shaped 
housing. The flow duct is in the form of one or more passageways of helical conformation 
along the tapered drcumference of the frusto-conical body, between this body and the 
funnel-shaped housing. The conversion from axial towards helical flow is quite abmpt 
against the top of the fmsto-conical body. Particles are being de-agglomerated upon 

30 impaction against this surface. It Is claimed that the finer and larger particles separjale to 
large extent in the helical passageways by centrifugal action, the finer particles following 
a spiral path with smaller radius than the larger particles. 

Downstream of the circulatory section of this invention, the air is conducted from the 
35 passageways near the inner wall of the funnel-shaped housing towards the central axis of 
this housing along the bottom of the frustum. In this flow region, where the drag force is 
opposite to the centrifugal force, further classification takes place. Only fine particles are 
next discharged through the outlet conduit which is co-axial with the axis of the frustum 
through a narrow passage in a lid on the funnel-shaped housing. Large particles continue 
40 to circulate during inhalation in a cyclone chamber adjacant to the circulatory section, or 
accumulate at the base of this chamber, but detached fine particles during this circulation 
are not discharged into the respiratory tract because there is no flow from this chamber to 
the tract 
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Another special application of a circulation chamber is presented for the Asmanex 
(Mometasone Furoate) Twisthaler (US 5740792, US 5829434, and Fan et al., 2000 ). The 
nozzle of the Twisthaler for breaking up powder agglomerates includes (a) cavity means, 
(b) swirl means and (c) chimney means. Cavity means and swirl means constitute a so- 

5 called swirl chamber (Fan et a!., 2000). Particles entrained from the dose metering cavity 
by (part of) the inspiratory air, travel through the inhalation channel towards the swirl 
chamber. This swiri chamber is basically a cylindrical hollow chamber with an internal wall 
(swirl means) traversing this chamber in an arcuate path. The wall is meant to deflect the 
particle laden air stream into a tangential pathway. The imparted swirl remains when the 

1 0 air passes through the chimney. As a result, the powder agglomerates that are carried by 
the air, having a much higher inertia than the air. constantly impact against the inner walls 
of the swirl chamber and the air conducting swirl wall traversing this chamber 
(US 5829434). Agglomerates also collide with each other, which results in a mutual 
grinding or shattering action between them. It is described that the particles accelerate to 

1 5 a critical velocity for disruption inside the swiri chamber by the addition of secondary 

airflow in this chamber (Fan et al., 2000 and US 5829434). In contrast with the patent (US 
5829434), Fan et al. explain that the powder4a-wall collisions in the chimney is the key 
break-up mechanism in the formation of fine particles for inhalation. For a better 
effectuation of this fine particle break up in the chimney, the inner walls of this part of the 

20 de-agglomeration means haven been provided with fluted edges (ie.g. to yield a 
hexagonal cross section). 

Some of the previously described concepts have specific drawbacks or limited 
applications. One of the possible consequences of the application of a circulation 

25 chamber is the increase in total air flow resistance of the inhaler, as for instance 
described by Meakin et al. (1998) for the Pulvonal dry powder inhaler. Especially for 
concepts having more than one chamber, as described in DE 4239402, the increase 
must be substantial. Although a high resistance is not unconditionally a disadvantage 
(e.g. Svartengren et a.. 1995), patients with reduced pulmonary power must be able to 

30 generate sufficient air flow for adequate performance of the device. This is required 
irrespective of the design of the de-agglomeration principle, unless a constant external 
energy source for dose entrainment and powder de-agglomeration is used. The pre- 
separation of particles in a circulary section of the flow duct upstream of the cyctone 
chamber, as disclosed in WO 98/26827, does not reduce or eliminate this problem, 

35 because the detachment of the fine particles from the canier crystals still depends on the 
size of the separation forces in this section. 

A major concern is the fine particle adhesion onto the inner walls of circulation types of 
de-agglomeration means, as described in unpublished PCT/NL01/00133. The total 
40 surface area of inhaler parts making contact with fine drug particles is often quite large, 
as for DE 4239402. WO 98/26827 and US 5829434. At regular time intervals, the de- 
agglomeration means of this type must be disassembled for inspection and/or cleaning, 
which does not always seem possible (e.g. DE 4004904). Disassembling must be simple 
and may not be inconvenient for the patient. In addition, re-assembling after inspection 



wo 03/000325 



PCT/EP02/066J0 



19 

and/or cleaning may not lead to malfunction of the inhaler. One of the consequences of 
the fine particle adhesion is that most dpi's (dry powder inhalers) with a circulation 
chamber as disintegration means are not suitable for spherical pellets. For adhesive 
mixtures, the problem is less extreme, because the larger carrier particles are able to 
5 sweep the majority of adhering fines from the inhaler walls. 

Although some of the previously reviewed patents refer to a certain residence of the 
powder inside the de-aggldmeration means (e.g. DE 4004904, EP 0407028, 
DE 4239402, and DE 19522416), for neither of the prindples, the possibility of residence 
10 time control is mentioned. Only the possibility of residence time variation has been 
described in DE 19522416, by means of changing the ratio of the rates of the partial air 
flows through, respectively around the circulation chamber and by altering certain 
dimensions of the chamber, such as height and diameter. 

1 S A few of the previously mentioned patents refer specifically to coarse particle retainment. 
e.g. GB 1478138. EP 0407028. WO 92/05825, WO 92/04928. EP 0547429. 
WO 98/26827 and unpublished PCT/NL01/00133. The particles with high inertia that are 
flung outwards by the vortex motion of air within the container described in GB 1478138, 
circulate along the inner wall of this container. They are unable to pas the narrow tubular 

20 extension of the mouthpiece cylinder protruding into the container along the same 
longitudinal axis of this container. A second coarse particle trap is a nanrow tubular 
passage at the outlet of the mouthpiece cylinder The cyclone means described in 
EP 0407028 /\2, EP 0547429, WO 98/26827 and unpublished PCT/NL01/00133 operate 
on the basis of the same principle of two competitive forces, being the centrifugal and the 

25 drag force. But the concept in WO 92/04928 is basically different, although separation is 
also upon particle inertia. A separate sucktion piece, downstream of the whirt chamber, is 
described in which large particles with high momentum follow a straight path into a 
deadend tube, whereas the finer particles are dragged by the air stream into a side tube. 
The separated coarse particles are collected at the bottom of the deadend tube 

30 (collection chamber), which must be emptied from time to time. Inertia! impaction is also 
the separation mechanism for impaction jets with different baffles and plates described in 
WO 92/05825. 

Some of the previously mentioned separation principles on the basis of centrifugal flung 
35 are described as cyclone means. This is incorrect, because they are not designed to 
separate all solid material from the airstream, but to classify the airborne particles in two 
size classes on the basis of their inertia, which means that they are basically air 
classifiers, as referred to in GB 1478138. However, in none of the patents the cut-off 
diameters of the classifiers have been mentioned, except for WO 92/05825. providing 
40 formulas with experimental constants for the different types of impaction jets. In this 
patent application it is also explained that the cut-off diameter can be adjusted to suit a 
particular drug and a particular application. 
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Only two concepts are known for which the air flow resistance can be controlled within 
certain limits. In US 5829434 it is described that the pressure drop through the swirl 
nozzle can be changed by varying the cross section for air flow in the passage between 
the swirl chamber and the chimney. It is stated that the pressure drop through the inhaler 

5 should desirably be lower than about 5 kPa for ease of use by patients with impaired 
respiratory function. For the principle in DE 19522416, it is explained that the inspiratory 
air stream can be split into a partial flow through the disintegration chamber and a partial 
flow past this chamber to create a particle free sheath flow around the emitted aerosol 
cloud; The ratio of these flows can be varied wthin certain limits without influencing the 

10 dose entrainment and the powder disintegration. 



Summary of the invention 

1 5 The present invention provides a multifarious disperser for inhalation powders, which can 
be used in combination with different types of dose systems for the range of dose weights 
between 2 and 25 mg and different types of powder formulation (with or without carrier 
excipients). In one particular design, the disperser acts both as a de-agglomeration 
(disintegration; aerosolization) means and as an air classifier for especially adhesive 

20 mixtures. Only fine drug particles are emitted whereas the larger agglomerates and 
canier crystals are retained by the disperser. Modification of the basic design enables 
time controlled release of carrier crystals in these mixtures. In another modification, the 
concept has optimized performance as disperser in combination v^rith spherical pellets, 
containing no carrier crystals. Further re-design of the dispersion principle is possible to 

25 control the total inhaler resistance and the powder deposition in the upper respiratory 
tract by means of the addition of a so-called sheath flow of clean air. Modifications also 
enable carrier retainment in the mouthpiece and elimination of the tangential flow 
component of the discharge cloud. 

30 

Description of the invention 

The concepts described in EP 0547429. DE 19522416 and unpublished 
PCT/NL01/00133 comprise a family of de-agglomeration principles for different 

35 applications, all being different modifications of the same basic design. For all concepts, 
part of the inspiratory air flow is conducted through the dose compartment to entrain the 
powder. The downstream section of the powder channel, connecting the dose 
compartment and the de-agglomeration chamber, is tangential to the cylindrical wall of 
the de-agglomeration chamber. The de-agglomeration chamber has the shape of a disk, 

40 sharing its cylindrical axis with the mouthpiece cylinder. A tubular discharge channel, also 
with the same longitudinal axis, and a much smaller diameter than the de-agglomeration 
chamber, starts from the center of the cylindrical end of this chamber which is closest to 
the mouthpiece. Another part of the inspiratory air flow enters the de-agglomeration 
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chamber through tangential slits In its cylindrical wall. The number of these bypass 
channels may be confined to only one, as for the concept disclosed in unpublished 
PCT/NL01/00133, or there may be more, as in DE 19522416, depending upon the 
specific application of the de-agglomeration chamber. The partial bypass air flow 
5 increases the tangential air and particle velocity inside the chamber. A third part of the 
inspiratory air flow is not conducted through the de-agglomeration chamber but bypassed 
towards an annular opening, being co-axial with the discharge channel of the de- 
agglomeration chamber The air flow from this annular opening is co-axially with the 
particle laden air flow from the de-agglomeration chamber, thereby constituting a sheath 
1 0 of particle free air around the aerosol. 

Particles circulating inside the de-agglomeration chamber are subjected to three different 
forces: the drag force of the air, a centrifugal force and the force of gravity. The force of 
gravity is not relevant to the trajectories of the airbome particles inside the chamber. 

1 S Particles are flung towards the cylindrical wall of the de-agglomeration chamber as long 
as the centrifugal force dominates. Whether they roll smoothly along this wall or rattle with 
only brief moments of contact between the particle and the wall, depends on many 
factors, such as the load of the de-agglomeration chamber, the number of bypass 
channels and the particle shape. Also the particle size distribution is important in this 

20 respect. If the particles are relatively large, the number of particles inside the de- 
agglomeration chamber for a certain dose weight is small and the number of particle-to- 
particle collisions is confined. In addition, the load of the chamber with particles may be 
rather asymmetrical, depending on the dose weight and the discharge pattern from the 
powder channel. If on the other hand, the particles are relatively small, the number of 

25 particles inside the chamber is much higher, and so will be the number of collisions 
between the particles, whereas the load may be much more homogeneous, as a large 
number of particles can be spread out more evenly. 

The difference between the concepts disclosed in DE 19522416 and unpublished . 

30 PCT/NL01/00133 is primarily their optimization for a specific application; the concept 
described in EP 0547429 is the original design without optimization as an integral part of 
a multiple single dose inhaler for which the individual doses have been weighed into 
cavities in rotatable disks. The concept in DE 19522416 has been optimized for the de- 
agglomeration of soft spherical pellets, but this concept serves very well for adhesive 

35 mixtures too. The concept described in unpublished PCT/NL01/00133 has been designed 
for adhesive mixtures in applications for which carrier retainment is desired. The reasons 
for carrier retainment may be different. The possible adverse side effects from substantial 
drug deposition in the patient's throat have already been mentioned. Released carrier 
particles do deposit in the throat as a consequence of their large inertia, even a lower 

40 flow rates, when they are discharged from the inhaler, and they still carry drug particles 
on their surface on release. By withdrawing the carrier particles from the inspiratory air 
stream, throat deposition can be reduced considerably. But also for formulation studies 
with adhesive mixtures, carrier withdrawal can be valuable. Retained carrier particles can 
be analyzed upon residual drug content, thus to obtain information about the drug-to- 
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carrier interaction and drug detachment during inhalation. This information is more 
accurate and reliable than that from collected fine particle fractions in an impactor, which 
are influenced by irreproducible losses from adhesion onto the inner walls of the inhaler, 
inlet tube and impactor stages and incomplete collection by the final stage. 

5 

The disnjption mechanisms for the two types of fonnulations are basically different for the 
two de-agglomeration concepts in DE 19522416 and unpublished PCT/NL01/00133. As 
soft spherical pellets roll along the cylindrical wall of a de-agglomeration chamber, they 
wear mainly by friction. Detached fine particles or small clusters of primary particles either 

1 0 adhere to the wall of the chamber by van der Waals (or Coulombic) forces, or they are 
dragged by the air stream towards the discharge channel. Because of this fine particle 
adhesion onto particularly the cylindrical wail of the de-agglomeration principle, the 
concept disclosed in EP 0547429 can not be used for soft spherical pellets without the 
addition of (large) so-called sweeper crystals to the fonmulation. as described in 

15 unpublished PCT/NL01/00133. Without these sweeper crystals, de-agglomeration of 
spherical pellets is (near) complete after a certain residence time in the de-agglomeration 
chamber, but the reduction of the emitted fine particle dose as a consequence of the 
adhesion onto the inhaler walls is by 50% or even more, depending on the type of drug to 
be inhaled. 

20 

In the concept disclosed in DE 19522416, the number of bypass channels has been 
increased to seven in order to reduce the surface area of the cylindrical wall by a large 
number of interruptions and to create a circulation pattern inside the chamber that forces 
the pellets to collide with the remaining sections of the cylindrical wall at angles that are 

25 more obtuse than the angle between two neighboring sections of this wall. Instead of 

rolling along a continuous cylindrical chamber wall, the pellets are constantly traversed by 
the 'air barrier* between the pellets and the remaining sections. They rather skim than 
strike these sections, and as a result of the strongly reduced contact area, the fine 
particle adhesion onto the cylindrical wall is minimized. De-agglomeration is mainly by 

30 shear of the bypass flows. As pellets approach the next section of the cylindrical chamber 
wall, they enter the region in which a bypass flow intersects their trajectory at an angle of 
45 degrees. As a result of the high air velocity through the bypass channels, which is 
approximately 10 m/s at a flow rate of 60 l/min through the inhaler, the relatively weak 
pellets are dismpted into smaller fragments and eventually break-up in primary particles 

35 or small clusters, that are fine enough to be dragged into the discharge channel. 

In contrast, carrier particles in adhesive mixtures that circulate in the concept disclosed in 
unpublished PCT/NL01/00133, bounce off the cylindrical wall after collision against it as a 
result of their irregular shape, which prevents them to roll smoothly like spherical pellets. 
40 There trajectory can best be described as a pathway along neighboring parabolas, all 
lying in the same plane being perpendicular to the cylindrical axis of the de-agglomeration 
chamber, with their tops directed to the center of this chamber. After bouncing off the 
wall, the particles are forced back towards the periphery of the de-agglomeration 
chamber by the action of the centrifugal force, in order to encounter a next collision. 
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Meanwhile the particles travel In tangential direction through the chamber. On impact, 
fine drug particles are detached from the carrier crystals, depending upon the angle and 
velocity of the collision with the wall. In the basic concept disclosed in EP 0547429 and 
unpublished PCT/NL01/00133. there are only two interruptions in the cylindrical wall of 

5 the de-agglomeration chamber. As a consequence, there is little disturbance of the 
particle trajectories and particles above the cut-off diameter at the given inspiratory flow 
rate are retained with quite high efficiency. The tops of the parabolas are only at a small 
distance from the cylindrical wall of the chamber, because the angle of collision Is quite 
obtuse. Therefore, a certain distance between the bouncing particles and the discharge 

1 0 channel is maintained, even when the particles are at the top of a parabola. The 

extension of the discharge channel inside the de-agglomeration chamber contributes to 
the nearly complete large particle withdrawal by reducing the cross section of the 
passage between the circulation chamber and the discharge channel. In this basic 
modification, the circulation chamber acts both as a de-agglomeration means and as an 

1 5 air classifier. Figure 1 shows the earner withdrawal efficiency of an air classifier concept 
similar to the concept disclosed in unpublished PCT/NL01/00133 for different nan^ow size 
fractions of crystalline alpha lactose monohydrate at a low flow rate of 30, respectively 40 
l/min. Only for fractions with a median diameter smaller than 50 ^im, the efficiency is less 
than 90%. The nominal cut-off diameters for colistin sulfate (for a sample with a size 

20 distribution between 0,7 and 87 pm) in the same classifier, as derived from laser . 

diffraction measurement of the aerosol cloud using a special inhaler adapter, are shown 
in figure 2. With increasing flow rate, not only the mean cut-off diameter decreases, but 
also the spread between the individual inhalations: 

25 The interruptions in the cylindrical wall of the de-agglomeration chamber, the many 

bypass flows intersecting the particle trajectories as well as the removal of the extension 
of the discharge tube projecting into the de-agglomeration chamber in concept 
DE 19522416, influence the canier bounce trajectories. The angles of impact are slightly 
more acute, the flow pattern inside the de-agglomeration chamber is more turbulent and 

30 the cross section of the passage between the circulation chamber and the discharge 

channel is increased. As a result, carrier particles are able to enter the discharge channel 
and a gradual emptying of the circulation chamber is obtained. As may be expected, the 
average earner residence time increiases with increasing flow rate for a certain carrier 
size fraction, because of increasing centrifugal forces, which keep the particles in 

35 circulation. But the flow rate dependence decreases with increasing mean carrier size; for 
carrier particles with a mass median diameter above 150 pm, the flow rate effect is 
subordinate within the range between 30 and 90 l/min. Residence time decreases with 
increasing mean earner diameter, because the variation in particle bounce trajectories 
becomes greater with increasing particle inertia and shape deviation. Larger lactose 

40 carrier particles tend to have a much more irregular shape than finer crystals, even if they 
are from the same batch of lactose, and the correcting effect of the drag force exercised 
by the tangential air flow inside the circulation chamber diminishes with increasing 
particle inertia. As a consequence of the gradual carrier particle release, the average 
residence time of these particles in concept DE 19522416 is generally lower than the total 
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inhalation time. And as a result of that, the fine particle detachment for the same 
adhesive mixture is less complete than the degree of removal obtained with the concept 
according to unpublished PCT/NL01/00133, having the benefit of near-complete carrier 
withdrawal. 

5 

Most characteristic for the invention are (a) splitting of the inspiratory air stream into three 
different partial flows, and (b) the presence of a disk-shaped circulation chamber, which 
combination provides the possibilities for 

creating a sheath of particle free air around the aerosol doud to reduce mouth deposition 

10 from spherical pellets, 

controlling the inhaler resistance within a range that is comfortable for the patient and 
favorable in respect of drug deposition in the upper respiratory tract, 
creating an air barrier inside the de-agglomeration chamber which diminishes fine particle 
adhesion onto the inner walls of this chamber in case of de-agglomeration of spherical 

15 pellets, 

imposing a certain residence time on large carrier crystals in the de-agglomeration 
chamber to improve utilization of the available energy for fine particle detachment, 
classifying of the particles in a size fraction that is favorable for deposition in the lower 
respiratory tract (to be released) and a fraction ttiat is too coarse to enter the site of 

20 action (to be retained), and 

deposition of large particles in the front of the patient's mouth instead of in the throat, by 
the tangential flow component in the discharge cloud from the inhaler, as a consequence 
of which large particles are immediately flung sideways after leaving the mouthpiece. This 
enables the patient to rinse the mouth after inhalation and to avoid systemic or local side 

25 effects from this part of the dose. 

Two further aspects of the invention are the desired duration of the carrier residence in 
the de-agglomeration means, and the possibility to control the residence time in the de- 
agglomeration chamber accordingly. 

30 

For the control of the residence time, another concept with improved de-agglomeration 
efficiency for adhesive mixtures has been developed, as will be described hereafter as 
another new aspect of the invention. A further aspect disclosed hereafter, is the modular 
construction of the de-agglomeration means which enables the exchange of different 
35 concepts within the same dry powder inhaler, dependent on the type of formulation to be 
used and/or special requirements, such as a specific air flow resistance for a particular 
group of patients or complete carrier retainment. 

In Its various aspects the invention provides: 

40 

A disintegration means for dry powder inhalers, comprising a substantially cylindrical air 
circulation chamber with a height being smaller than its diameter, and at least two air 
supply channels which enter the chamber as tangents to its cylindrical wall at generally 
opposite sides of this wall, suitable for creating a circular air flow pattern inside the 
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chamber, both air channels either having different inlets or alternatively sharing the same 
inlet which is split up. so as to have one passageway for traversing the dose measuring 
or dose supplying region of the inhaler for enabling the powder quantity of a single dose 
dragged into the circulation chamber by air flowing through this passageway, and the 
5 other passageway to serve as a bypass channel towards the circulation chamber suitable 
for accelerating the particles and creating a more symmetrical flow pattern inside said 
chamber; a disintegration means for dry powder inhalers comprising a tubular discharge 
channel having approximately the same longitudinal axis as the circulation chamber but a 
much smaller diameter and an extension of this channel protruding into said chamber 

10 over a length being smaller than the total height of the circulation chamber; a 

disintegration means for dry powder inhalers comprising a third air passageway in . 
addition to both previously mentioned air supply channels for the circulation chamber, 
either with a separate inlet channel or as a branching of the cyclone bypass channel, 
through which the air flow, being part of the total inspiratory flow, is controllable by means 

15 of an air flow constriction, and which passageway ends in an annular opening between 
the discharge channel of the circulation chamber and a co-axial mouthpiece cylinder with 
larger inner diameter than the discharge channel, for controlling the total air flow 
resistance of the inhaler device and for creating a sheath of clean air around the aerosol 
cloud which reduces the mouth deposition of drug particles released from spherical 

20 pellets which is a consequence of return flows occurring in the mouth during inhalation 
through an inhaler with tubular mouthpiece cylinder typically having a smaller diameter 
than the height or width of the mouth cavity; a disintegration means for dry powder 
inhalers comprising more than one, preferably seven, air supply channels for the bypass 
flow, all being substantially symmetrically distributed over the circumference of the 

25 cylindrical wall of the circulation chamber, in addition to the channel traversing a dosing 
compartment of the inhaler, when in use, providing a so-called air barrier between the 
circulating particles and the interior wall of the chamber created by air flows through the 
bypass channels that are closely adjacent to each other, as well as a reduced surface 
area of said wall, providing in combination a strongly reduced fine particle adhesion onto 

30 said wall, especially for the combination with soft spherical pellets; a disintegration means 
for dry powder inhalers, wherein obtuse angles of about 135 degrees between the 
remaining sections of the cylindrical wall are provided by the air supply channels entering 
the circulation chamber, which in use provide an increase of the angle of impact and 
cause particles to bounce off these wall sections of the chamber towards the center of 

35 this chamber over a larger distance allowing carrier particles to approach or cross the 
central area of the circulation chamber from which they can enter the discharge channel, 
which results in a gradual release of carrier particles from the circulation chamber through 
said discharge channel; a disintegration means for dry powder inhalers wherein a top end 
of the circulation chamber on its discharge channel side forms a top plate of said 

40 chamber, which has a larger diameter than the external diameter of the chamber itself, 
thereby creating a circular flange that stands out from the external cyclone wall and 
blocks a passageway for air through an annular channel between the cylindrical 
circulation chamber and the co-axial tubular mouthpiece cylinder with larger diameter by 
making contact with the interior wall of said mouthpiece cylinder, except for some small 
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interruptions in said flange that control the airflow resistance of this passageway, 
adapted to a predetermined total resistance of the circulation chamber for controlling the 
partial sheath flow through the annular opening between the co-axial mouthpiece cylinder 
and discharge channel of the circulation chamber further downstream of this flange; a 

5 disintegration means for dry powder inhalers wherein the number of bypass channels is 
between one and eight, preferably three, preferably being substantially symmetrically 
distributed over the circumference of the wall of the circulation chamber, in addition to the 
channel traversing the dosing means of the inhaler, and the shape of the circulation 
chamber is cornered, preferably eight-cornered, having sections of the wall of the 

10 chamber of different lengths, wherein longer sides and adjacent shorter sides alternate, 
the longer sides serving as acceleration sides along which particles gain rate of 
movement to increase the impact velocity, and the shorter sides having preferably obtuse 
angles of about 135 degrees with the longer sides, being suitable as impact sites; a 
disintegration means for dry powder inhalers wherein a tubular discharge channel has 

1 5 different inner diameters over its length to control the area inside the circulation chamber 
from which carrier particles may enter this channel and such to control the discharge rate 
of a carrier dose with defined size distribution from the circulation chamber, and more 
particulariy. to control the average earner residence time inside the circulation chamber 
which determines the degree of fine particle detachment from the carrier and thus, the 

20 emitted fine particle dose at a certain inspiratory flow rate; a disintegration means for dry 
powder inhalers comprising longitudinal ridges or strips on the inner tubular wall of the 
discharge channel or a frameworic formed inside said channel likewise from wall to wall 
which, in cross section, has preferably the shape of a cross dividing the discharge 
channel in about four longitudinal sections, said ridges or framework provide a flow 

25 correcting effect by the elimination of the tangential flow component for particles travelling 
through the tubular discharge channel, thereby causing these particles to be discharged 
substantially in longitudinal direction instead of being flung sideways by centrifugal action; 
a disintegration means for dry powder inhalers comprising two concentric annular 
channels between the mouthpiece cylinder and the discharge channel, one channel 

30 serving as an air passageway for the bypass flow towards the disintegration means and 
the sheath flow; the other channel sending as an internal storage room for retained carrier 
particles, and said mouthpiece cylinder being displaceable in longitudinal direction 
relative to the discharge channel so as to open the carrier storage chamber during 
inhalation or to close this chamber after inhalation has been completed for use in 

35 combination with concepts of the disintegration means that have not been designed for 
carrier retainment themselves; a disintegration means for dry powder inhalers wherein the 
entries of the supply channels into the circulation chamber each having substantially 
rectangular cross sections; a disintegration means for dry powder inhalers having 
essential dimensions adapted to an inhaler system so that various embodiments of the 

40 disintegration means are easily Interchangeable within the same dry powder inhaler 
system, thus to comprise a modular system that can be adapted to the specific 
requirements of the powder formulation used in the inhaler; and a disintegration means 
for dry powder inhalers comprising mechanical coding means interacting with 
corresponding mechanical coding means in the sense of an antagonist-receptor function 
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between the dose system and the disintegration chamber, to allow attaching of the 
disintegrating means only to predetermined dosing systems or inhalers to ensure correct 
combinations between the disintegration means and a predetermined medical powder 
formulation. 

5 

In a further aspect the invention relates to an inhaler comprising a disintegration means 
as described herein. 

In a further aspect of the invention is provided a multifarious and multi purpose 
10 disintegration method for dry powder inhalers, for breaking up powdered, binderiess drug 
fomfiulations during inhalation by the patient through the inhaler after previous activation 
of a single dose, in a weight range between approximately 2 and 25 mg, thus, to release 
a substantial amount of fine daig particles for deep lung deposition from these 
formulations, which contain the dmg in micronized form, preferably in the size range 
15 between 1 and 5 pm, and mostly, but not necessarily, a filling or carrier excipient, having 
either approximately the same size distribution as the drug in so-called soft spherical 
pellets, also referred to as soft spherical agglomerates, or comprising much larger 
crystals that carry the drug particles as primary entities or as small clusters in 
homogeneous distribution on their surface, attached by mild interaction forces such as 
20 van der Waals forces, in so-called adhesive, interactive or ordered mixtures, in which 
each carrier particle with adhering drug particles can be considered as an agglomerate 
too. 

In another aspect of the invention the method comprises that the agglomerates collide 
25 repeatedly with the cylindrical wall of the circulation chamber and/or with each other while 
they circulate inside the chamber, so that daig particles are detached from these 
agglomerates by impact and shear forces. 

In yet another aspect of the invention the method comprises that separation of particles 
30 upon their difference in inertia takes place by the action of drag and centrifugal forces, the 
larger particles subjected to predominant centrifugal force being retained in the chamber 
and the smaller particles subjected to predominant drag force being released with the 
inspiratory air, as a result of which the circulation chamber acts not solely as a break-up 
chamber for the drug agglomerates but also as an ajr classifier, to provide substantial 
35 reduction of drug deposition in the mouth and throat from drug not being detached from 
the earner crystals or being disintegrated insufficiently as well as the advantage of 
reduced powder administration to the patient which minimizes irritant mouthfeel and chest 
tightness. 

40 In another aspect of the invention the method comprises that the inhaler discharge cloud 
has a strong tangential flow component, which causes larger particles, such as carrier 
particles that are unable to reach the target area in the lungs, to fling sideways by 
centrifugal action immediately after discharge from the mouthpiece of the inhaler, thereby 
causing these particles to deposit in the front of the mouth of a patient instead of in the 
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throat, thereby reducing adverse local side effects in the throat, like hoarseness or 
Candidiasis connected to the use of cortico steroids, from drug deposition of particles that 
have not been detached from the canier particles, and providing for facilitated removal of 
these canier particles by mouth rinsing. 

5 

The desired duration of the carrier circulation in a de-agglomeration chamber depends on 
the rate with which the drug particles can be detached from the carrier crystals in this 
chamber. The basic air classifier disclosed in unpublished PCT/NL01/O0133 provides the 
possibility to study this detachment rate. Carrier crystals that are retained by this classifier 

10 can be analysed upon residual drug (CR: carrier residue) after inhalation as function of 
the inhalation (circulation) time. Canier residues (as percent of initial drug load) for 
mixtures of 0,4% budesonide with three different carrier fractions in this air classifier 
concept are shown in Figure 3A for the inspiratory flow rate of 60 l/min (equals 9,3 kPa). 
The canrier fractions used were 45-63 pm, resp. 150-200 pm from Pharmatose 150 M 

15 (DMV International, The Netherlands) and 150-200 pm from Capsulac 60 (Meggle GmbH, 
Germany). Because a minor carrier passage occun-ed (Figure 1), all canier residue 
values have been extrapolated to 100% carrier withdrawal. Two different mixing times 
were used: 10 and 120 minutes in a Turbula mixer at 90 r.p.m. (W.A. Bachofen, 
Switzeriand). The release curves (100 minus CR) for the mixtures after 10 minutes mixing 

20 time are presented in Figure 3B. 

Figure 3A shows that the can-ier residue after 10 minutes mixing time (open symbols) 
decreases most strongly in this type of classifier within the first halve second of inhalation, 
towards approximately 50% of the initial carrier toad. In the following 1 .5 s. another 20 to 
25 25% of the drug is detached and the earner residue is further reduced to about 30% (after 
2 s total inhalation time). And even after 6 seconds inhalation, the endpoint has not yet 
been achieved, which seems to be around 10% of the initial dmg load. The results prove 
that the differences between the different carrier fractions are not dramatic for this type of 
classifier (at 60 l/min). 

30 

Figure 3A also shows that an increase in mixing time decreases the rate of drug particle 
detachment. For example, the mean earner residue (for all three carrier fractions), after 
one second of circulation in the classifier, increases from 42% to 70% as a consequence 
of an increase in mixing time from 10 to 120 minutes. And in terms of the same degree of 

35 detachment: the effect of 0,5 s circulation time after 10 minutes mixing equals that of a 
circulation time of neariy 3 seconds after 120 minutes mixing time. These results are in 
agreement with the total mixing concept introduced by Staniforth (1987), meaning that 
there is an ongoing drug agglomerate break-up during mixing which results in a gradual 
change from predominant cohesion between drug particles towards predominant 

40 adhesion between primary drug and carrier particles with increasing mixing time. This, in 
combination with another theory, stating that removal forces during inhalation can get 
better hold of larger drug agglomerates than of primary drug entities (Aulton and Clarke, 
1996), explains the decrease in rate of fine drug particle detachment caused by an 
increased mixing time for the powder. 
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The basic air classifier described in unpublished PCT/NL01/00133 is a highly effective 
de-agglomeration principle compared to most marketed dry powder inhalers, and so are 
the concepts described in DE 19522416 and EP 0547429. This is shown in Figure 4, 
5 presenting the fine particle fractions from these concepts and some marketed devices, at 
4kPa pressure drop across these devices, collected in a cascade impactor for adhesive 
mixtures with different drugs and different types of carrier material. Cll represents a basic 
classifier of the type disclosed in unpublished PCT/NL0 1/001 33 (the same as used for 
Figures 3A and B), whereas the Noyolizer is the marketed version of the concept 

10 presented in DE 19522416. The fine particle fractions obtained with Cll are from mixtures 
with 0.4% budesonide and the marketed Pharmatose types of carrier mentioned in the 
Figure. The results obtained with the Novolizer are for mixtures with 1% budesonide or 
1% salbutamol sulfate and carrier materials mentioned in the legenda of this figure. For 
the marketed dpi's. also two different fomiulations were tested (see legenda). All 

IS inhalation times were 3 seconds. The average fine particle fractions obtained with Cll and 
the Novolizer are on average about twice as high as those obtained with the mariceted 
dpi's at the same pressure drop through the inhalers. 

Possible explanations for the differences between the fine particle fractions from the 

20 marketed inhalers and the air classifiers in the test inhaler Cll and the Novolizer are (a) 
different efficiencies in utilizing the available energy from inspiration through the device 
and (b) different properties for the formulations used, which contain standard lactose 
products for Cll and the Novolizer. The amount of energy (Nm) that is available for 
powder disintegration can be calculated by multiplying the average pressure drop across 

25 the inhaler (N.m'^) by the average volumetric air flow rate through the device (m^.s*^) and 
the duration of the inhalation manoeuvre (s). Different efficiencies in powder break-up 
may be the result of (a) different energy dissipation rates (Nm.s*^) and/or (b) different 
durations of energy consumption (s) for the de-agglomeration process; the latter being 
the result of different residence times for the powder inside the inhaler device. It is quite 

30 obvious that for inhalers with a lower energy dissipation rate than the classifier used for 
Figures 3A and B, the drug detachment rate will also be lower. This means that a longer 
'residence time will be necessary to obtain the same degree of fine particle detachment 
from the carrier crystals. If on the other hand, the energy dissipation rate can be 
increased, the residence time may be reduced, which reduces the hazard of incomplete 

35 dose inhalation for patients that are unable to sustain the necessary inhalation 
manoeuvre for a certain duration. 

Recent regulatory directives prescribe that the complete dose can be inhaled within 2 
liters. This demand confines the residence time for the dose in the de-agglomeration 
40 chamber to 2 seconds at an average flow rate of 60 l/min. Considering furthermore the 
need for a certain volume of air to transport the detached fine drug particles to the site of 
action in the respiratory tract, drug particle detachment should preferably be 'completed' 
within the first 1 to 1.5 s from the start of the inhalation manoeuvre at this flow rate. These 
limitations for an air classifier as disclosed in unpublished PCT/NL01/00133 include that 



wo 03/000325 



PCT/EP02/06610 



30 

only approximately 60 to 65% of the dose can be detached from carrier materials as used 
in the experiments for Figures 3A and B (which is about 70% of the maximal attainable 
release from these carriers). This explains why a further increase of the energy 
dissipation rate for powder break-up (Nm.s"^) has been an important aspect for this 
5 invention. 

Control of the residence time inside the circulation chamber can be obtained by (a) 
selecting the appropriate carrier size distribution for the adhesive powder mixture, (b) 
confining the rate of attainable flow rates through the inhaler device and (c) varying the 

1 0 diameter of the discharge channel of the circulation chamber. An example of the effect of 
the mean carrier diameter and of the inspiratory flow rate on the residence time in a 
particular circulation chamber of the type described hereafter, is given in Figure 5. The 
data have been obtained by measurement of the pressure drop reduction across the 
means, which is a consequence of the presence of particles in the chamber. Without 

15 particles, the turbulence of the air circulating inside the chamber is much higher than that 
for a particle laden circulation chamber at the same flow rate. Particles smoothen the flow 
pattern inside the chamber by their much higher inertia compared to that of the air. 
Consequently, the pressure drop through the chamber is lower in the presence of 
particles. The difference can be measured as function of the inhalation time. When the 

20 reduction is reduced to zero, all particles have passed the chamber, as has been 

checked by inspection of the circulation chamber after completion of the inhalation, as 
wellas by optical concentration measurement of the discharge cloud from the inhaler with 
laser diffraction technique during inhalation. 

25 For particles larger than 125 pm, the effect of flow rate Is nearty negligible in the concept 
used for preparation of Figure 5. Moreover, the residence time for such particles in this 
concept is in agreement with the desired range up to 1 ,5 s, as discussed previously. This 
is the result of the predetermined design and dimensions of the de-agglomeration 
principle. The effect of flow rate increases with decreasing mean carrier size and results 

30 in a maximum value of more than 3 seconds for this particular concept at 90 l/min. For 
much lower flow rates, the residence time is neariy independent of the carrier size 
distribution. 

A better control of the residence time can be obtained by varying the diameter of the 
35 discharge channel of the circulation chamber This is shown in Figure 6 for the same 
concept as used for the experiments in Figure 5. with two different diameters: 7 and 8 
mm. The open symbols in this figure represent marketed lactose products with a relatively 
wide size distribution, whereas the closed symbols are for narrow fractions derived from 
Pharmatose 11 OM. The average reduction in residence time for products with a mean 
40 diameter of 150 pm (or more) from increasing the diameter of the discharge channel from 
7 to 8 mm is neariy by 50% for this type of circulation chamber (at 60 l/min). These are 
only examples that elucidate (a) the many possibilities for control of the residence time in 
this type of de-agglomeration chamber and (b) the range of times within which the particle 
circulation inside this chamber can be varied. 
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In addition to all previously mentioned effects, there may be an effect of drug load on the 
earner residence time inside the circulation chamber, as shown (as an example) for three 
different carrier materials and two different daig loads in Figure 7. for the same concept 
5 as used for Figures 5 and 6, with 7 and 8 mm discharge channels (dose weight is approx. 
14 mg). The effect of drug load on the residence time for the carrier fraction is quite sm^ll 
for carriers with a relatively large diameter, but for much smaller particles, the effect can 
be quite substantial. The reason for the elongation of the residence time is an increase in 
inertia of the drculating air inside the de-agglomeratlon chamber by the dispersion of 

1 0 detached fine particles into the air. As a result of this higher inertia for the aerosol 

compared to particle free air, canier particle pathways inside the chamber can be better 
re-directed to the original circular motion after there has been a scattering in other 
directions from collisions of earner particles with the inhaler walls and/or with each other 
The correction efficiency is highest for the smallest cam'er crystals, having the lowest 

1 5 inertia themselves. The effect decreases with increasing diameter for the discharge 
channel: already for a concept with 8 mm channel, the effect has been diminished, even 
for the 63-100 pm fraction. 

All previously mentioned variables that influence the residence time of the formulation 
20 inside the circulation chamber can be controlled, except for the inhalation manoeuvre by 
the patient. However, by selecting the appropriate size distribution for the carrier material, 
the effect of inspiratory flow rate can be minimized (Figure 5). The use of relatively large 
carrier materials is not problematic from the viewpoint of fine drug particle detachment for 
the type of de-agglomeration pririciple disclosed hereafter. This, in contrast with many 
25 other principles, as discussed previously. This may become clear from the Figures 3 and 
4. The fractions 150-200 pm in Figure 3 exhibit the same fine particle detachment rate 
towards also the same end value as the much finer fraction 45-63 pm (at 60 l/min). The 
median diameters (from dry laser diffraction analysis) for Pharmatose 110M and 
Capsulac 60 in the mixtures presented in Figure 4 are approximately 130 pm (Xioo = 365 
30 pm), respectively 190 pm (Xioo= 360 to 460 pm), depending upon the batch. A larger 
diameter is even preferable from the viewpoint of dose reproducibility. 

The residence times measured with the differential pressure drop reduction method equal 
the times necessary for complete cam'er discharge from the circulation chamber 

35 Because the passage of the cam'er particles is more or less gradual from the start of the 
Inhalation, the average residence time in the circulation chamber is much shorter. If 
inhalation of the total dose should be within 2 liters, total carrier passage should 
preferably be completed within 1,5 liter in order to have some volume (0,5 liter) left for 
fine particle transport to the site of action. Accordingly, the average residence time in the 

40 de-agglomeration chamber is much shorter than 1 ,5 s at 60 l/min (in case of a perfectly 
constant discharge rate about 0,75 s). 

From Figure 3, it can be concluded that fine particle detachment after 0.75 s is only 
approximately 60% of the dose (for the already highly efficient basic air classifier in 
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unpublished PCT/NL01/00133 and rather common carrier materials as Pharmatose or 
Capsulac fractions). This includes that 40% of the dose is wasted by joined deposition 
with the carrier crystals in the patient's mouth and throat This part of the dose has the 
possibility to cause adverse local side effects on these sites. From the released 60% of 
5 the drug dose, a certain amount is also lost by inhaler and mouth accumulation, meaning 
that less than half the dose is available for entering the target area, providing that all drug 
particles (or small agglomerates) within this part of the dose have the correct size 
distribution. This is an argument for further improvement of the concept. One possibility to 
increase the fine particle output from an inhaler is to optimize the powder formulation with 
10 respect to carrier properties and mixing time (e.g. Figures 3A and 3B). This approach lies 
without the scope of this invention. Another way is to increase the inhaler's efficiency in 
terms of energy dissipation rate for powder de-agglomeration. This improvement of the 
inhaler's efficiency for adhesive mixtures is one aspect of this invention, as already been 
mentioned previously. 

15 

Within the same circulation time, the efficiency of fine particle detachment from hosting 
carrier crystals inside a circulation chamber can be increased by (a) increasing the carrier 
particle velocity on impact, (b) increasing the number of collisions within said circulation 
time and (c) optimizing the angle of impact. The particle velocity on impact depends not 

20 solely on the air velocity inside the circulation chamber but also on the time available 
between two collisions to re-accelerate the particle by the drag force. When carrier 
particles collide with the inhaler wall, they need to loose part of their momentum in order 
to generate inertial, and more specifically, deceleration forces acting on adhering dmg 
particles. For the necessary acceleration time between collisions, (a) the residual velocity 

25 (in the new direction) after collision, (b) the distance between two collision zones, (c) the 
air velocity inside the chamber and (d) the particle mass are most relevant. And for the 
residual velocity after impact towards the next collision zone, the angle of impact is of 
importance too. 

30 The cylindrical wall of the circular chamber disclosed in unpublished PCT/NL01/001 33 
has only two disturbances from air channels. For particles circulating in this chamber, the 
angle of collision with this cylindrical chamber wall is quite obtuse. Therefore, the loss of 
momentum on impact is not extreme and as a result, the residual velocity is quite high. 
Particles circulate within this chamber with high velocity when the air velocity is high and 

35 in addition to that, the number of collisions per unit time is quite high too. High velocity 
and high number of collisions compensate for the rather obtuse angle of impaction. And 
because there is no carrier passage, energy consumption for fine particle detachment is 
for the whole duration of the inhalation and this makes the de-agglomeration principle 
highly effective. By definition, the obtained fine particle fraction with this type of principle 

40 is highly flow rate dependent. 

For the concept disclosed in DE 19522416, the angle of impact against residual sections 
of the inner wall of the circulation chamber is 45 degrees, which is optimal in the balance 
between angle of impact and residual particle velocity, but the distance between the 
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sections is quite short. In addition to that, the number of air bypass channels to the 
circulation chamber is high, which reduces the air velocity inside these channels. 
Therefore, the acceleration of the carrier particles in the new direction after collision is not 
maximal. The concept is highly appropriate for the disintegration of soft spherical pellets, 
5 as described previously, but for adhesive mixtures, best possible result can not be 
obtained. 

For the newly developed concept for adhesive mixtures described hereafter (technical 
description), the basic shape of the circulation chamber is an octagon with eight angles of 

1 0 45 degrees each. However, in contrast with DE 19522416, not all sides of the octagon 
have the same length: four longer sides are alternated with four shorter sides. The latter 
comprise the impaction sites for the carrier particles. Also in contrast with this previously 
described concept, the number of bypass channels is only three. Therefore, the air 
velocity inside these channels is much higher at the same inspiratory flow rate through 

1 5 the circulation chamber. Accordingly, the drag force for the acceleration of the canier 
particles inside the chamber is much higher. Particles are accelerated along the longest 
sides of the octagon and impact on the adjacent shorter side. The higher initial drag force 
and the longer trajectories for particle acceleration both contribute to a higher impact 
velocity. 

20 

On average, particles bounce off the impact side with approximately the same angle as 
the angle of impact and after deflection, they are immediately accelerated towards the 
next impact side. However, some scattering of particles occurs in other directions, due to 
the irregular shape of carrier crystals. As a result of this scattering at higher velocity 

25 (compared to the carrier particle impact velocity at the same flow rate in the concept 

described in DE 19522416), the rate of passage through the discharge channel is higher. 
Although this rate of discharge can be controlled quite well by selecting the appropriate 
carrier size distribution and diameter for the discharge channel, as has been discussed 
previously. The highest carrier drculation velocity (of all concepts) in unpublished 

30 PCT/NL01/00133, does not result in the highest carrier discharge rate from this basic air 
classifier concept, because of the obtuse angle of impacting and the extension of the 
discharge tube projecting into the circulation chamber Most particles in this concept are 
not scattered in the direction of the discharge channel, and the few ones that are. are 
(with a few exceptions) unable to enter this channel because of its extension protruding 

3 5 from the top wall of the classifier. 

The average particle velocity with which particles circulate inside the newly developed 
concept is between those of the concepts disclosed in DE 19522416 and unpublished 
PCT/NL01/00133 at the same inspiratory flow rate. The reason for this is. that the 
40 distance between the impact sites in this new concept is shorter than the distance 

required to accelerate the particles towards the air velocity inside the chamber. This has 
the advantage that the fine particle fraction (FPF) is less dependent on the inspiratory 
flow rate than that of unpublished PCT/NL01/00133. 
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As for the concept with near-complete carrier retainment (unpublished PCT/NL01/00133), 
the FPF is dependent on the residence time in the circulation chamber of the newly 
developed concept for adhesive mixtures too. This is shown in Figure 8 for two different 
designs of this new concept (open and closed symbols) In comparison with the FPF from 
5 the de-agglomeration means described in DE 19522416 (asterisks), using a mixture with 
Capsulac 60 and 2% budesonide. The closed symbols represent the FPF's from the most 
efficient design of this concept. The increased efficiency has reduced the necessary 
circulation time for the detachment of approximately 40% of the drug particles from the 
carrier crystals from two to less than one second. 

10 

The figure shows the same type of correlation between residence time and FPF as that in 
Figure 3B, but there are some relevant differences. For the basic air classifier in Figure 
3B, no sheath flow was used. Consequently, the whole inspiratory air flow was corlducted 
through the de-agglomeration chamber during the experiments. For the newly devefoped 

1 5 concept for adhesive mixtures with controlled carrier passage in Figure 8. about 1/3 of the 
total flow rate has been used as sheath flow in order to confine the air flow resistance of 
the concept to an agreeable value for the patient. The curves in Figure 3B represent the 
percentages of drug that have been detached from the earner crystals, whereas; the 
curves in Figure 8 are for the collected fine particle fraction in a cascade impactor. 

20 Therefore, frie difference between both types of ounces is the drug adhesion in the inhaler 
device and the inlet tube to the impactor. There may also be some losses of the finest 
drug particle fractions from passage through the final impactor stage. Finally, the 
residence time in Figure 38 is for the near-complete carrier fraction, whereas the 
residence time in Figure 8 is the time necessary for complete carrier discharge. Average 

25 duration of carrier circulation in the newly developed concept is therefore approximately 
half the residence time as presented. 

Taking all these differences in account, it can be concluded from comparison of Figures 
3B and 8, that the difference in efficiency between the newly developed concept and the 

30 concept presented in unpublished PCT/NL01/00133 is quite substantial. The obtained 
fine particle fraction for the optimized concept in Figure 8 is neariy 45% of the dose after 
a residence time of 1 second, meaning that average circulation time was only 
approximately 0,5 s. This is about the same percentage as found for the drug particle 
detachment in Figure 3B after 0,5 s. So, after correction for (a) the losses in FPF due to 

35 adhesion in the inhaler and inlet tube and (b) the difference in flow rate through the de- 
agglomeration chamber (reduced by one third for the newly developed concept as a 
result of the application of sheath flow), the drug detachment within half a second is much 
higher in this new concept. By reducing the sheath flow, a further efficiency increase is 
possible, but the resulting increase in resistance to airflow might make use of the inhaler 

40 less agreeable for the patient. 

Reducing the residence time to a period of less than 1 to 1.5 seconds, or even shorter for 
flow rates higher than 60 l/min, seems more or less mandatory considering the recent 
regulatory' directives, which demand that the complete dose can be inhaled within 2 liters. 
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As shown in Figure 8, this practically confines the fine particle fraction to approximately 
40 to 50% of the nominal dose for adhesive mixtures, even when they are inhaled from a 
highly efficient disintegration means. Especially for the range up to one second, FPF 
strongly decreases with decreasing circulation time. So, a very careful tuning of the 
5 residence time is necessary to obtain the best possible therapeutic effect from an 
inhalation dose. Within the same range of circulation times (0 to 1 s) , the properties of 
the earner material in adhesive mixtures, that are relevant to drug particle detachment, 
are most critical, too. Therefore, good powder de-agglomeration up to one second 
residence time is difficult to achieve, and this should be a serious argument for 
10 reconsideration of the previously mentioned demand. 

Description of prefen*ed embodiments of the invention 

The description of the newly developed concept will be made on the basis of attached 
15 drav\nngs. 

The modular design of the de-agglomeration means is another aspect of the invention. It 
enables exchange of different concepts (e.g^ basic air classifier substituted by the 
optimized de-aggbmeration principle for adhesive mixtures) v\rithin the same inhaler 
20 device and/or the use of the concepts in different inhaler. The choice of concept depends 
on (a) specific application or (b) type of formulation. 

Additional to the modular design with different concepts for the de-agglomeration 
chamber, various embodiments and variations are useful and preferred, and include the 

25 use of longitudinal flow baffles inside the discharge channel of the circulation chamber 
that eliminate the tangential flow component (at the cost of increased drug accumulation 
inside this channel); and the use of a special mouthpiece for the entrapment of large 
carrier particles that are flung in radial direction by centrifugal action immediately after 
discharge from the mouthpiece. This reduces irritant mouthfeel and candidiasis from 

30 carrier deposition in the mouth. The mouthpiece can be designed as a double (co-axial) 
cylinder, in such a way that an annular chamber is created between both cylinders for 
storage of the retained carrier particles. Before inhalation, the outer mouthpiece is 
displaced against the inner cyclinder (by rotation, using a screw thread, or by pulling) in 
longitudinal direction in order to create a passageway for the carrier particles. After 

35 inhalation, the annular chamber is closed again. 
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Brief description of the drawings 

Figure 1 is a diagram showing carrier withdrawal efficiency of an air classifier similar 
to the concept disclosed in unpublished PCT/NL01/00133 as function of 
5 mean carrier diameter for narrow size fractions of different types of 

crystalline alpha lactose monohydrate at 30 and 40 l/min. Dose weight is 
25 mg; 

Figure 2 is a diagram showing cut-off diameter of an air classifier similar to the 
10 concept disclosed in unpublished PCT/NL01/001 33 as function of the flow 

rate through the classifier for colistin sulfate with a relatively wide size 
distribution between 0,7 and 87 [ivn as measured with a laser diffraction 
apparatus (Sympatec. HELOS compact, model KA with 100 mm lens) after 
RODOS dispersion. The cut-off values equal the Xiarvalues from laser 
IS diffraction analysis of the aerosol cloud from the test inhaler connected to a 

spedal inhaler adapter (RuG's test model); 

Figure 3A is a diagram showing carrier residue, extrapolated to 100% withdrawal, for 
adhesive mixtures with 0,4% budesonide as function of the inhalation time 
20 at 60 l/min for an air classifier similar to the concept disclosed in 

unpublished PCT/NL01/00133. The continuous lines with open symbols 
i represent the mixtures after 10 minutes mixing time; the closed symbols 

with interrupted lines are for mixtures after 120 minutes mixing time. 
Carrier materials are sieve fractions 45-63 \im and 150-200 pm derived 
25 from Pharmatose 150M and size fraction 150-200 pm from Capsulac 60. 

Dose weight is 25 mg; 

Figure 3B is a diagram showing drug release rate for mixtures with 0,4% budesonide 
at 60 l/min for an air classifier similar to the concept disclosed in 
30 unpublished PCT/NL01/00133. The curves have been calculated as 100 

minus the values in figure 3A; 

Figure 4 is a diagram showing fine particle fractions for some mari^eted dpi's and 

two different concepts of the invention, all with adhesive mixtures, obtained 

35 a 4 kPa across the inhalers. Glaxo Diskus and Diskhaler both with Flixotide 

and Serevent formulations; ISF inhaler with budesonide (Cyclocaps. 
Pharbita) and Foradil (Ciba Geigy). Air classifier Cll. similar to the concept 
in unpublished PCT/NL01/00133. with 0.4% budesonide mixtures for the 
indicated Pharmatose carriers; Novolizer (with the concept of 

40 DE 19522416) with mixtures of 1% budesonide resp. 1% salbutamol on 

Capsulac 60 (left beams per drug) and a mixture of Capsulac 60 and 5% 
Phannatose 450M (right beams per drug); 
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Figure 5 is a diagram showing residence times of harrow sieve fractions derived 
from Pharmatose 110M as function of mean fraction diameter at three 
different flow rates in this newly developed concept for adhesive mixtures 
with 8 mm discharge channel. Dose weight is 10 to 1 1 mg; 

5 

Figure 6 is a diagram showing residence times of different types of carrier material 
in the newly developed concept for adhesive mixtures, for two different 
discharge channels at 60 l/min. Closed symbols are narrow sieve fractions 
derived from Phamiatose 110M; open symbols are for mariceted lactose 
10 products with different median diameters. Dose weight is approx. 11 mg; 



Figures 7A and B are diagrams showing residence times of adhesive mixtures with 

two different drug loads (0,4 and 4,0% budesonide), in comparison with the 
unmixed carrier materials, for the newly developed concept with 7 (Figure 
15 7A). respectively 8 mm (Figure 7B) discharge channel at GO l/min. Dose 

weight is approx. 14 mg. Carrier fractions have been derived from 
Pharmatose 110 M (63-100 and 150-200 pm) and Capsulac 60 (150- 200 
Mm); 



20 Figure 8 is a diagram showing fine particle fraction as function of residence time in 
different concepts of the newly developed de-agglomeration principles for 
adhesive mixtures measured with a four stage Lenz Labor impactor of the 
Fisons type at approx. 4 kPa across the devices. Mixture: Capsulac 60 with 
2% budesonide. Residence times for Figures 5, 6, 7 and 8 have been 

25 obtained from dP-suppression measurement; 

Figure 9 is an exploded perspective view of the basic air classifier concept of the 
disintegration means with carrier retainment; 

30 Figure 9A is a cross-sectional view of the assembled basic air classifier concept of 
figure 9; 

Figure 10 is a diagram which shows the main flow components of the stream lines of 
the air and particle trajectories inside the circulation chamber of the basic 
35 air classifier in relation to the forces acting on these particles; 

Figure 11 is an exploded perspective view of the concept with air bamer inside the 
circulation chamber which prevents substantial fine particle adhesion onto 
the interior chamber wall, especially during break-up of soft spherical 
40 pellets; 



Figure 12 



is an exploded view of the concept with separate acceleration sides and 
impact sides and a controlled release rate for the carrier crystals; and 
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Figures 13A to E are exploded views of some different modifications of the top plate 
of the circulation chamber with discharge channel connected thereto, for 
the concepts shown in figures 11 and 12. 

5 The hereabove outlined invention and all its specific features, as partly elucidated in the 
figures 1 to 8. will become apparent from the technical description given hereafter, which 
will have to be read in especially connection with the drawings in figures 9 to 13. 

It will be understood by a person skilled in the art that the figures 9 to 13 show possible 
10 embodiments by way of example and that these can be modified in many different ways 
without departing from the scope of the invention as discussed in the outline and further 
defined in the claims. 

Throughout the drawings, the same or like elements are designated with the same 
15 reference sign to ease understanding of the Invention. 

Figure 9 shows the basic air classifier connected to an inhaler body 1 without 
depicting details of the dose mechanism from which the powder quantity, representing a 
single dose, is entrained by part of the inspiratory air flow through the powder channel 2. 

20 The circulation chamber 3 of the air classifier is cylindrical with a height being smaller 
than its diameter and a minor rounding 4 at the position of the transition from the 
cylindrical wall 5 to the bottom wall 6 of the chamber 3. The particle laden air through the 
powder channel 2 is forced to change its flow direction after reaching the top plate 8 of 
the circulation chamber 3 by a 90 degrees turn into the final section 2A.of the powder 

25 channel 2, which approaches the circulation chamber as a tangent to its cylindrical wall 5. 
On the opposite side of the circulation chamber 3 is the entrance for the bypass flow to 
this chamber, being a second part of the inspiratory flow, which is the final section 9A of a 
bypass flow channel 9. This final section 9A of the bypass flow channel 9 is also 
constaicted as a tangent to the cylindrical wall 5 of the circulation chamber 3 in order to 

30 support the basically circular air flow inside this chamber 3, as shown in figure 10. The 
depths of the final sections 2A and 9A of the powder flow channel 2 and bypass channel 
9, which have rectangular cross sections, are approximately half the depth of the 
circulation chamber 3 of the classifier. The bypass flow channel 9 upstream of its final 
section 9A has been created by reducing the thickness of the outer_cylindrical virall 

35 section 10A of the circulation chamber 3, adjacent to the channel section 9A, to the same 
diameter as that for thinner section 10B and over the same height as the depth of the 
final section of the bypass flow channel 9A. 

The cylindrical wall 10 of the circulation chamber 3 has two thinner sections 10B 
and two thicker sections 10A through which the air passageways 2 and 9 have been 

40 constructed, all four sections extending over equal parts of the circumference of this wall, 
corresponding to angles of about 90 degrees. In the top plate 7 of the central inhaler 
housing 1, at the positions corresponding with the thinner sections of wall 10. there are 
openings 1 1 that serve as passageways for the partial bypass flow and sheath flow. Air 
coming through these passageways 11 enters an annular chamber 12, as shown in figure 



wo 03/000325 



PCT/EP02/06610 



39 

9A, between the tubular mouthpiece cylinder 13 and the cylindrical wall 10 of the 
circulation chamber 3. As a result of the local differences in thickness for the cylindrical 
wall 10 of the circulation chamber 3, the annular chamber 12 has different widths. Figures 
9 and 9A do not show the inlet opening for the inspiratory flow and the splitting up of this 
5 flow into (a) a partial flow traversing the dose measuring or dose supplying section of the 
inhaler before entering the circulation chamber through the powder channel 2, and (b) 
another partial flow entering the annular chamber 12 through the openings 11. These 
aspects are part of the inhaler design and not relevant to the invention. 

In figure 9, the top plate 8 of the drculation chamber 3 is a separate part which is 

10 press fitted to the mouthpiece cylinder 13 by a mild jamming into this cylinder. The 
mouthpiece cylinder 13 is positioned over the cylindrical wall 10 of the circulation 
chamber 3 and fixed to the inhaler housing 1 by a bayonet catch of which the projections 
15. connected to the mouthpiece cylinder 13, fit in the slightly tapered gaps 15A 
underneath the locally interrupted raised tK>rder 16 adjacent to the exterior wall 10 of the 

15 circulation chamber 3. In the end position of the projections 15 in the tapered slits 15A, 
the top plate 8 is pressed fimrily against the rim 17 of the cylindrical wall 10 of the 
circulation chamber 3. Figure 13E shows that this top plate 8 can also be an integral part 
of the circulation chamber 3; alternatively (not shown), it can be an integral part of the 
mouthpiece cylinder 13 itself. The top plate 8 as shown in figures 9 and 9A, is basically 

20 circular but has two different diameters 14A and 14B for different sections of this plate^ 
corresponding with thie different diameters 10A and 10B for the cylindrical wall 10 of the 
circulation chamber 3 when the mouthpiece cylinder 13 is snapped into position. The 
space 18 in figure 9A between the interior wall of the mouthpiece cylinder 13 and the top 
plate 8 of the circulation chamber 3, at the positions where the top plate has a reduced 

25 diameter, serves as a passageway for the sheath flow, which is a third part of the total 
inspiratory flow. The total cross sectional area of the two quarters of the basically annular 
slit between the interior wall of the mouthpiece channel 1 3 and the top plate 8 of the 
circulation chamber contributes to the airflow resistance of the total passageway for the 
sheath flow. 

30 The top plate 8 of the circulation chamber 3 has a tubular passageway 19 for 

release of the aerosol cloud from said chamber 3. The discharge channel 19 shares its 
axis with the circulation chamber 3 but has a smaller diameter than the chamber 3, A 
lower part 19A of the channel 19 is projecting into the circulation chamber 3 over a 
distance being slightly longer than half the depth of the chamber 3. The other part 19B of 

35 the channel 19 protrudes through a top plate 20 of the mouthpiece cylinder 13. The outer 
diameter of the discharge channel 19 is slightly smaller than the diameter of the circular 
hole 28 (figure 1 1) in the top plate 20, thus, to create a narrow annular passageway 21 
for the sheath flow. This narrow passageway 21 also contributes to the total air flow 
resistance for the sheath flow. Mentioned resistances for the sheath flow are carefully 

40 balanced in relation to the air flow resistance of the drculation chamber 3 in order to 
control the partial flow rates through the inhaler The annular slit 21 between the 
discharge channel 19 and the top plate 20 of the mouthpiece cylinder 13 has no 
interruptions, in order to create an unbroken co-axial sheath of particle free air around the 
aerosol cloud from the discharge channel 19. 
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The working principle of the basic air classifier concept is explained in figure 10. 
Figure 10A shows relevant components of the stream lines of the air inside this chamber, 
whereas figure 1 0B is a schematically representation of the forces acting on particles of 
different sizes and in different circulation regions. The main component of the stream 
S lines along the periphery of the circulation chamber 3 in figure 10A is in tangential 

direction, whereas closer to the discharge channel 19, which starts from the center of the 
chamber 3, flow components in radial and longitudinal directions increase as the air 
enters this channel. Agglomerates with relative large inertia, entering the circulation 
chamber 3 along its periphery, start a basically circular trajectory along its inner wall 5 

10 where the centrifugal force (Fc) is dominant (figure 10B). Even after collision with the 
inner wall 5 of the circulation chamber 3, as a consequence of which particles may 
bounce off this wall and approach the discharge channel 1 9 at the center of this chamber 
3, most large agglomerates will return to the original circular pathway by their high 
momentum (mV), along which they are accelerated by the drag force (Fd). However, fine 

15 particles that are detached from these agglomerates, have a much lower momentum, 
whereas the drag force is relatively high compared to the centrifugal force, especially in 
circulation regions at a certain distance from the wall 5 of the circulation chamber 3. 
These particles are able to follow the streamlines of the air and are discharged from the 
circulation chamber 3, whereas the larger agglomerates are retained inside this chamber 

20 3 by the action of the centrifugal force. 

The basic air classifier is particularly suitable for the disintegration of adhesive 
mixtures, in which the large earner crystals act as sweeper crystals keeping the interior 
cylindrical wall 5 of the circulation chamber 3 free from adhering fine drug particles. 
Without the presence of these sweeper crystals, fine particle accumulation inside this 

25 chamber 3 is substantial, as in similar swirt, whirl or cyclone chambers applied in other 
dry powder inhalers. 

In another embodiment of the invention, as shown in figure 11. the principle is 
particulariy suitable for the disir)tegration of soft spherical pellets or adhesive mixtures for 
which larger particles, such as canier crystals, are not retained but gradually released 

30 from the circulation chamber 3, This concept is different from the concept in figure 9 with 
respect to the shape and depth of the circulation chamber 3, the number and shape of 
the channels for the bypass flow 9, the shape of the powder channel 2, the top plate 8 of 
the circulation chamber and the discharge channel 19 for the circulation chamber 
connected thereto, as well as the air passageway towards the bypass channels 9. In 

35 addition to that, some constructional differences between the concepts in the figures 9 
and 1 1 are shown that are not essential for the scope of the invention. 

The concept in figure 1 1 has seven identical channels 9 for the bypass flow, of 
which each has a generally rectangular shape in cross section and about the same depth 
as the circulation chamber. The channels 9 provide the circulation chamber 3 in top view 

40 largely with the shape of an octagon with eight identical open^angles of 135 degrees 
between the remaining sections 22 of the interior wall 5 of the circulation chamber 3. The 
powder flow channel 2 is the same as that for the concept in figure 9, except for the depth 
of the. final section 2A of the channel 9 which is the same as that for the circulation 
chamber 3. Air flows from the bypass 9 and powder 2 channels skim over these 
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remaining sections 22. which are the impact zones for the larger agglomerates. Only 
larger particles are able to traverse these flows as the result of their high momentum. 
Fine particles with much lower inertia, are tumed off course by the bypass flows, which 
create a so-called internal air barrier between these particles and the remaining wall 
5 sections 22. Consequently, fine particles are unable to hit these sections 22. Therefore, 
the fine particle adhesion onto the impact zones of sections 22 is extremely low. 
compared to the adhesion onto the interior wall 5 of the circulation chamber 3 for the 
concept shown in figure 9. even from the disintegration of spherical pellets. The 
circulation chamber 3 of this concept does not have a rounding between the remaining 

10 sections 22 of its interior wall and its bottom 6. 

The discharge channel 19 in the center of the top plate 8 for the drculation 
chamber 3 for the concept in figure 1 1 does not have a projection into this circulation 
chamber 3. The channel 19 has an inner wall 23 with a constant diameter, but an outer 
wall 24 with an exponentially increasing diameter from the top rim 19C towards the top 

i S plate 8 of the drculation chamber 3. This is to direct the sheath flow through the annular 
channel 21 between the discharge channel 19 and the top plate 20 of the mouthpiece 
cylinder 13 from the cavity 25 (as depicted in figure 9) between both top plates 20 and 8 
as smoothly as possible. Because of the absence of a protruding part 19A of the 
discharge channel 19 from the top plate 8 of the circulation chamber 3 into this chamber 

20 3, the passageway into the discharge channel 19 for larger particles that bounce off the 
remaining sections 22 of the cylindrical wall of the circulation chamber 3 after impact, is 
much wider. This increases the zone from which large partides can enter the discharge 
channel 19. In addition to that, the angles with which particles bounce off the impact 
zones 22 are less obtuse than those in the basic air classifier with a drcular inner wall 5 

25 (concept in figure 9). As a consequence, the particle trajectories inside the drculation 
chamber 3 of the concept in figure 1 1 more frequently traverse the zone from which the 
particles can enter the discharge channel 19. Hence, large particles are gradually 
released from the circulation chamber 3 and there is no carrier retainment for this 
particular concept of the disintegration principle. 

30 The top plate 8 of the circulation chamber 3 for the concept in figure 1 1 has the 

same diameter for its entire circumference. The supply of sheath flow from annular 
chamber 12 (figure 9A) to cavity 25 (figure 9) between this top plate 3 and the top plate 
20 of the mouthpiece cylinder 13 is through a number of nicks 26 along the circumference 
14 of the top plate 8. which have carefully controlled shape and dimensions. For the 

35 concept in figure 1 1 . the number of nicks 26 is six and they are symmetrically distributed 
oyer the drcumference 14 of the top plate 8 with angles of 60 degrees between them. 
The total air flow resistance of these nicks 26 in conjunction with the air flow resistance of 
the annular channel 21 between the discharge channel 19 and top plate 20 of the 
mouthpiece cylinder 13 determines the rate of sheath fk>w in relation to the partial bypass 

40 and powder flow rate through the inhaler. 

Not particulariy relevant to the scope of the invention is the shape of the 
mouthpiece cylinder 13, which is circular with a gradually decreasing diameter from 
bottom rim 29 to top rim 27 for the concept in figure 9. but rather changing from circular to 
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oval in the same direction for the concept depicted in figure 1 1 . The upper rim 27 may be 
raised relative to the top plate 20 of the mouthpiece cylinder 13. 

Another concept of the disintegration principle is depicted in figure 12. For this 
concept, the shape of the circulation chamber 3 is basically that of an octagon, but the 

5 eight sides of the octagon have two different lengths. Four longer sides 32 of preferably 
generally identical length alternate with four shorter sides 22 of preferably generally 
identical length. The longer sides 32 serve as the acceleration zones for the 
agglomerates which have relatively high inertia and require a certain distance over which 
they can be dragged by the air stream in order to increase velocity, whereas the shorter 

10 sides 22 serve as the impact zones for these particles. The number of channels 9 for the 
bypass flow has been reduced to three, compared to the concept depicted in figure 11. 
The cross section of these channels is generally rectangular, and the cross sectional area 
per channel 9 is slightly higher than that for the bypass channels 9 in the concept shown 
in figure 1 1. In spite of that, the sum of cross sectional areas for all channels 9 is lower 

1 5 than that of the concept in figure 11. As a result, the air velocity inside the channels 9 for 
the bypass flow is highest for the concept in figure 12, whereas the total airflow 
resistance of this passageway for the bypass flow is slightly higher, too. 

As for the concept depicted in figure 11. the discharge channel 19 has no part 19A 
projecting into the circulation chamber 3. The inner diameter of the channel 19 is adapted 

20 to the desired residence time of carrier crystals inside the circulation chamber 3. By 

varying this diameter, the region inside the chamber 3. from which the earner particles are 
able to enter the channel 19, can be controlled, as has been shown in figure 8. where 
similar symbols represent the residence times of the same concept however, with 
different diameters for the discharge channel 19. Top plates 8 connected to discharge 

25 channels 19 having different diameters, can be the same in every other respect, as 
shown in figure 13B1-B3, except for the number of nicks 26 for the sheath flow 
(optionally, but not necessarily). They have matching mouthpiece cylinders 13 of which 
the circular holes 28 in their top plates 20 are adjusted to the exterior diameters of the 
channel 19 in such a way that the cross sectional areas for sheath flow through the 

30 annular channels 21 between the inner walls 30 of the circular holes 28 and the exterior 
walls 24 of the discharge channels 19 are approximately the same. The number of nicks 
26 for the sheath flow along the circumference 14 of the top plate 8 for the circulation 
chamber 3 may be varied (figure 13B1) in order to fine tune the air flow resistance of the 
total passage way for sheath flow, relative to the air flow resistance of the circulation 

35 chamber 3. 

In another embodiment of the top plate 8 for the circulation chamber 3. the 
discharge channel 19 has two different sections, one upper section 23A having a 
constant inner diameter and a lower section 23B having an increasing diameter towards 
the circulation chamber (figure 13B4). The transition is approximately at the midpoint of 
40 the channel 19. The lower part of this channel 19 has the shape of a frustum. For control 
of the carrier residence time inside the circulation chamber 3, the width of the base of this 
fmstum may be varied. This has the advantage that no adaptation of the mouthpiece 
channel 13 is necessary and that different discharge channels 19, providing different 
residence times, can be used in combination with the same mouthpiece cylinder 13. 
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Figure 13C shows a top plate 8 for the circulation chamber 3 with discharge 
channels 19 having longitudinal ridges 31 at equal distances from each other on their 
inner walls. Such longitudinal ridges 31 , extending over the total length of the discharge 
channel 19 and projecting from its inner wall 23 into the channel 19 over a distance being 
5 less than the inner diameter of the channel 19, are able to transform particle movement 
inside this channel 19 substantially from helical into longitudinal direction. This reduces 
the deposition in the front of the mouth from centrifugal swing of particles with relatively 
large inertia, such as canier crystals, which stilt bear part of the drug dose on their 
surface after leaving the drculation chamber 3. This reduces the mouth feel, but 

10 increases the throat deposition. For most applications, a design without these ridges 31 
will therefore be preferable. The ridges 31 may project so far into the discharge channel 
19, that they reach each other and comprise a solid frameworic 34 which in top view has 
the shape of a cross. (fig 13D). 

Finally, in figure 13 (E) a design is shown t)ottom up in which the op plate 8. of the 

1 5 circulation chamber 3 is an integral part of this chamber. Such a construction has the 

advantage, that the transition of the longitudinal part of the powder channel 2 into the final 
section 2A, which is a tangent to the circulation chamber 3 and in which the flow direction 
is perpendicular to that in section 2, can be constructed with a certain rounding 33. Such 
a rounding provides a substantial reduction of the powder accumulation in this flow 

20 transition zone. 
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Claims 

1 . A disintegration means for dry powder inhalers, comprising a substantially 
cylindrical air circulation chamber (3) with a height being smaller than its diameter, and at 
5 least two air supply channels (2. 9) which enter the chamber (3) as tangents to its 
cylindrical wall (5) at generally opposite sides of this wall (5). suitable for creating a 
drcular air flow pattern inside the chamber (3). both air channels (2. 9) either having 
different inlets or alternatively sharing the same inlet which is split up, so as to have one 
passageway (2) for traversing the dose measuring or dose supplying region of the inhaler 
10 for enabling the powder quantity of a single dose dragged into the circulation chamber (3) 
by air flowing through this passageway (2). and the other passageway to serve as a 
bypass channel (9) towards the circulation chamber (3) suitable for accelerating the 
particles and creating a more symmetrical flow pattem inside said chamber (3). 

15 2, A disintegration means for dry powder inhalers according to claim 1 . characterized 
by a tubular discharge channel (19) having approximately the same longitudinal axis as 
the circulation chamber (3) but a much smaller diameter and an extension (19A) of this 
channel (19) protruding into said chamber (3) over a length being smaller than the total 
height of the circulation chamber (3). 

20 

3. A disintegration means for dry powder inhalers according to any preceding claim, 
characterized by a third air passageway (12, 18, 21, 25, 26) in addition to both previously 
mentioned air supply channels (2, 9) for the circulation chamber (3). either with a 
separate inlet channel or as a branching of the cyclone bypass channel (9), through 

25 which the air flow, being part of the total inspiratory flow, is controllable by means of an 
airflow constriction (21, 26). and which passageway (12, 18, 21, 25, 26) ends in ah 
annular opening (21) between the discharge channel (19) of the circulation chamber (3) 
and a co-axial mouthpiece cylinder (13) with larger inner diameter than the discharge 
channel (19), for controlling the total air flow resistance of the inhaler device and for 

30 creating a sheath of clean air around the aerosol cloud which reduces the mouth 

deposition of drug particles released from spherical pellets which is a consequence of 
return flows occurring in the mouth during inhalation through an inhaler with tubular 
mouthpiece cylinder typically having a smaller diameter than the height or width of the 
mouth cavity. 

35 

4. A disintegration means for dry powder inhalers according to any preceding claim, 
characterized by more than one, preferably seven, air supply channels (9) for the bypass 
flow, all being substantially symmetrically distributed over the circumference of the 
cylindrical wall (5) of the circulation chamber (3). in addition to the channel (2) traversing 

40 a dosing compartment of the inhaler, when in use, providing a so-called air barrier 

between the circulating particles and the interior wall of the chamber created by air flows 
through the bypass channels (9) that are closely adjacent to each other, as well as a 
reduced surface area of said wall (5), providing in combination a strongly reduced fine 
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particle adhesion onto said wall (5), especially for the combination with soft spherical 
pellets. 

5. A disintegration means for dry powder inhalers accordthg to claim 4, wherein 
S obtuse angles of about 135 degrees between the remaining sections (22) of the 

cylindrical wall (5) are provided by the air supply channels (9) entering the circulation 
chamber (3), which in use provide an increase of the angle of impact and cause particles 
to bounce off these wall sections (22) of the chamber (3) towards the center of this 
chamber (3) over a larger distance allowing carrier particles to approach or cross the 
10 central area of the circulation chamber (3) from which they can enter the discharge 
channel (19), which results in a gradual release of camer particles from the circuiatton 
chamber (3) through said discharge channel (19). 

6. A disintegration means for dry powder inhalers according to any preceding claim, 
1 5 characterized by a top end of the circulation chamber (3) on its discharge channel (19) 

side which forms a top plate (8) of said chamber (3), which has a larger diameter than the 
external diameter of the chamber (3) itself, thereby creating a circular flange that stands 
out from the external cyclone wall (10) and blocks a passageway for air through an 
annular channel (12) between the cylindrical circulation chamber (3) and the co-axial 

20 tubular mouthpiece cylinder (13) with larger diameter by making contact with the interior 
wall of said mouthpiece cylinder (13), except for some small interruptions in said flange 
(18, 26) that control the air flow resistance of this passageway, adapted to a 
predetemiined total resistance of the circulation chamber (3) for controlling the partial 
sheath flow through the annular (21) opening between the co-axial mouthpiece cylinder 

25 (13) and discharge channel (19) of the circulation chamber (3) further downstream of this 
flange. 

7. A disintegration means for dry powder inhalers according to any preceding claim, 
characterized in that the number of bypass channels (9) is between one and eight, 

30 preferably three, preferably being substantially symmetrically distributed over the 

circumference of the wall (5, 10) of the circulation chamber (3). in addition to the channel 

(2) traversing the dosing means of the inhaler, and the shape of the circulation chamber 

(3) is cornered, preferably eight-cornered, having sections (22, 32) of the wall (5) of the 
chamber (3) of different lengths, wherein longer sides (32) and adjacent shorter sides 

35 (22) alternate, the longer sides (32) serving as acceleration sides along which particles 
gain rate of movement to increase the impact velocity, and the shorter sides (22) having 
preferably obtuse angles of about 135 degrees with the longer sides (32), being suitable 
as impact sites. 

40 8. A disintegration means for dry powder inhalers according to any preceding claim, 
characterized in that a tubular discharge channel (19) has different inner diameters over 
its length to control the area inside the circulation chamber (3) from which carrier particles 
nriay enter this channel (19) and such to control the discharge rate of a carrier dose with 
defined size distribution from the circulation chamber (3), and more particularly, to control 
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the average carrier residence time inside the circulation chamber (3) which determines 
the degree of fine particle detachment from the carrier and thus, the emitted fine particle 
dose at a certain inspiratory flow rate. 

5 9. A disintegration means for dry powder inhalers according to any preceding claim, 
characterized by longitudinal ridges (31) or strips on the inner tubular wall of the 
discharge channel (19) or a framework (34) formed inside said channel (19) likewise from 
wall to wall which, in cross section, has preferably the shape of a cross dividing the 
discharge channel (34) in about four longitudinal sections, said ridges (31) or framework 
1 0 (34) provide a flow correcting effect by the elimination of the tangential flow component 
for particles travelling through the tubular discharge channel (19), thereby causing these 
particles to be discharged substantially in longitudinal direction instead of being flung 
sideways by centrifugal action. 

15 10. A disintegration means for dry powder inhalers according to any preceding claim, 
characterized by two concentric annular channels between the mouthpiece cylinder (13) 
and the discharge channel (19), one channel (12) serving as an air passageway for the 
bypass flow towards the disintegration means and the sheath flow; the other channel 
serving as an intemal storage room for retained carrier particles, and said mouthpiece 

20 cylinder (13) being displaceable in tongitudinal direction relative to the discharge channel 
so as to open the carrier storage chamber during inhalation or to close this chamber after 
inhalation has been completed for use in combination with concepts of the disintegration 
means that have not been designed for carrier retainment themselves: 

25 11. A disintegration means for dry powder inhalers according to any preceding claim, 
characterized in that the entries of the supply channels (2, 9) into the circulation chamber 
(3) each having substantially rectangular cross sections. 

12. A disintegration means for dry powder inhalers according to any preceding claim, 
30 characterized by essential dimensions adapted to an inhaler system so that various 

embodiments of the disintegration means are easily interchangeable within the same dry 
powder inhaler system, thus to comprise a modular system that can be adapted to the 
specific requirements of the powder formulation used in the inhaler. 

35 13. A disintegration means for dry powder inhalers according to any preceding claim, 
characterized by mechanical coding means interacting with corresponding mechanical 
coding means in the sense of an antagonist-receptor function between the dose system 
and the disintegration chamber, to allow attaching of the disintegrating means only to 
predetermined dosing systems or inhalers to ensure correct combinations between the 

40 disintegration means and a predetermined medical powder formulation. 



14. An inhaler characterized by a disintegration means according to any preceding 
claim. 
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15. A multifarious and multi purpose disintegration method for dry powder inhalers, for 
breaking up powdered, binderless drug formulations during inhalation by the patient 
through the inhaler after previous activation of a single dose, in a weight range between 
approximately 2 and 25 mg, thus, to release a substantial amount of fine drug particles 
5 for deep lung deposition from these formulations, which contain the dmg in micronized 
form, preferably in the size range between 1 and 5 pm, and mostly, but not necessarily, a 
filling or carrier excipient, having either approximately the same size distribution as the 
dmg in so-called soft spherical pellets, also referred to as soft spherical agglomerates, or 
comprising much larger crystals that carry the dmg particles as primary entities or as 
10 small clusters In homogeneous distribution on their surface, attached by mild interaction 
forces such as van der Waals forces, in so-called adhesive, interactive or ordered 
mixtures, in which each carrier particle with adhering dmg particles can be considered as 
an agglomerate too. 

15 16. The method of claim 1 5 further characterized in that the agglomerates collide 
repeatedly with the cylindrical wall (5) of the circulation chamber (3) and/or with each 
other while they circulate inside the chamber (3), so that dmg particles are detached from 
these agglomerates by impact and shear forces. 

20 17. The method of any of claims 15 or 16. characterized in that separation of particles 
upon their difference in inertia takes place by the action of drag and centrifugal forces, the 
larger particles subjected to predominant centrifugal force being retained in the chamber 
(3) and the smaller particles subjected to predominant drag force being released with the 
inspiratory air, as a result of which the circulation chamber (3) acts not solely as a break- 

25 up chamber for the drug agglomerates but also as an air classifier, to provide substantial 
reduction of dmg deposition in the mouth and throat from drug not being detached from 
the carrier crystals or being disintegrated insufficiently as well as the advantage of 
reduced powder administration to the patient which minimizes irritant mouthfeel and chest 
tightness. 

30 

18. The method of any of claims 15 to 17, characterized in that the inhaler discharge 
cloud has a strong tangential flow component, which causes larger particles, such as 
carrier particles that are unable to reach the target area in the lungs, to fling sideways by 
centrifugal action immediately after discharge from the mouthpiece of the inhaler, thereby 
35 causing these particles to deposit in the front of the mouth of a patient instead of in the 
throat, thereby reducing adverse local side effects in the throat, like hoarseness or 
Candidiasis connected to the use of cortico steroids, from drug deposition of particles that 
have not been detached from the carrier particles, and providing for facilitated removal of 
these carrier particles by mouth rinsing. 



40 
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Figure 1 
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Figure 2 
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Figure 4 
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Figure 5 
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Figure 6 
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Figure 7A 
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Figure 7B 
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Figure 8 
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Figure 9 
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